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ABSTRACT OF THE DISCLOSURE 

Novel 7(a,^)-loweralkyl - 3 - keto-AS-androstanes and 
l{a.,^) - loweralkyl-3-keto-A5-pregnanes having anabolic, 
androgenic, claudogenic, progestational and anti-progesta- 
ttonal properties are prepared by reacting 3-kcto-4,6-dienic 
androstanes and pregnanes with organocopper reagents 
such as dialkyllithium cuprate. The isomerization of these 
compounds to yield 7(o,j3)-lowcralkyl-3-kcto-A^stcroidfi 
is also described. 



DISCUSSION OF THE PRIOR ART 



having the androstant, 19-nor-androstan, 9/3;10a-andro- 
stane and D-homo-androstane configuration and may be 
illustratively represented by the following general formula; 
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Prior to the present invention the preparation of 3-keto- 
7-alkyl-A*-steroids has been achieved via the 1,6 addition 
of a suitable Grignard reagent to a 3-keto-4,6-dienic steroid 25 
substrate generally via the addition of cuprous chloride or 
an equivalent catalyst to promote a 1,6-addition to the 
steroid substrate. Thus, for example, U.S. Pat. 3,341,557 
to Babcock and Campbell, teaches the preparation of 17)9- 
hydroxy - 3 - keto-7-methyl-A^androstancs via a 1,6- 
Grignard addition to the corresponding 17-hydroxy-3- 
keta-4,6-androstadienes. 

The prior art also teaches the preparation of 7(a,p)- 
methyl-3-keto - 17,20:20,21 - bis-methylcnedioxy Ai^B.odD 
pregnatriene via a Grignard addition reaction as described 
by Kerb and Wiechert, Chemische Berichte 96, 2772-3 
(1969). No other 7(a,/?)-lowera]kyl-3-keto-androstanes or 
corresponding pregnanes which possess unsaturation in the 
A* position are known to applicants. 
' The prior art also teaches the addition of organo- 
metallic reagents, in particular the addition of dimethyl- 
lithium cupratcs to conjugated tetrahydronaphthalenedie- 
nohes to produce 1,4 as well as 1,6 addition adducts, as 
reported by Marshall et al., Tetrahedron Letters 41, 45 
3795-8 (1971). 

The addition of organocopper reaeents to 3-keto-4,6- 
dienic steroidal substrates, however, has heretofore been 
unknown. Surprigiugly, it has now been discovex«d that 
the addition of certain organocopper reagents to 3-keto- 59 
4,6-androstadienes and 3-keto-4,6-pregnadienes results in 
the selective alkylation of the 7-position, to yield 7(a,/3)- 
Ibwer alkyl-3-keto-A5-steroids, 

These novel 7(a,/3)-Ioweralkyl-3-keto-A*-androstanes 
and 7 (a,^) -loweralkyl-3-keto-A^-pregnanes can be readily 55 
isomerized to the corresponding 7(a,j8)-lower-alkyl-3-keto- 
A*-steroids, which reaction can be performed in sliu if de- 
sired. Because of the convenience and high yields obtained, 
this process of preparing 7(a,^) - loweralkyl-3-keto-A*" 
steroids via the corresponding A^ steroids represents a pre- go 
f erred method for their preparation. 

SUMMARY OF THE INVENTION 

This invention relates to the synthesis of an important 
class of new steroid compounds. More particularly this 
invention relates to the class of 7(a,i5)-loweralky!-3-keto- 
A5-stcroids belonging to the androstane and pregnane se- 
ries, to a novel process for their preparation, and to a proc- 
ess for converting such steroids to the corresponding 
7(a,j3)-a1ky^3-keto-A*-steroid3. 

The androstane series of compounds claimed to be with- 
in the scope of the present invention includes compounds 
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(CHj)» 



wherein 

Ri represents a member of the group consisting of hy- 
drogen and (o,)9)-methyl with the proviso that when 
Ri is a-methyl the 9-hydrogen is in the beta configura- 
tion and when R^ is ^methyl the 9-hydrogen is in the 
alpha configuration; 

R2 is individually selected from the group consisting j of 
hydrogen and (a,/S)-methyl; 

R3 is hydrogen and methyl; 

R4 is an (a,/S)-loweralkyl group having from 1 to 3 carbon 
atoms; - ... ■ 

R5 is hydrogen and 0x0; 

Re is hydrogen, methyl and ethyl; 

R7 represents a member of the group consisting of hy- 
' drogen, loweralkyl, alkenyl, alkynyl, alkadienyl, alken- 
ylnyl and alkadiynyl having from 1 to 6 carbon atoms; 

Ra is selected from the group consisting of hydrogen, 1- 
cyclopenten-l-yloxy, 1-methoxycyclohexyloxy, 2-tctra- 
hydropyranyloxy and the group — ORg. wherein R9 
represents hydrogen and an acyl radical having from 
1 to 12 carbon atoms, with the proviso that R7 and Rg 
cannot both by hydrogen that when R? is unsaturated 
Rfl cannot be O-acyl and with the further prowso that 
R7 and Re when taken together are 0x0 or a cyclic eth- 
ylene acetal; and 

n is the integer 1. 

The pregnane series of compounds contemplated to 
be within the scope of the present invention include com- 
pounds having tHe pregnane, 19-nor-pregnane, 9p:10aT 
pregnane and D-homo-pregnane ring systems. These com? 
pounds may be illustratively represented by the follow* 
ing general formula: 




65 



wherein: 

Ri represents a member of the group consisting of hy- 
drogen and (a,/S) -methyl, with the prbyisp that wheii 
Ri is a-methyl the 9^hydrogeTi is in tlie beta coh-figurai 
tion, and when Ri is j3-methyl, the^9-hydT0gen is'in tlic 
alpha configuration; ^- . ; . : ; . 
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is individually selected from the group consistiiig of 
hydrogen and («,^)-methyl; 
Rs is hydrogen and methyl; 

R4 is an (a,/3)-loweralkyl group having from 1 to 3 carbon 
atoms; 

R5 is hydrogen and 0x0; 

Rfl is hydrogen, methyl and ethyl; 

Rxo is hydrogen, methyl and methylene; 

Rii is selected from the group consisting of hydrogen, 
methyl, ethyl, 2-tetrahydropyranyloxy and the group 
— OR9, where Rg represents hydrogen, a loweralkyl 
group having from 1 to 3 carbon atoms, and an acyl 
radical having from 1 to 12 carbon atoms, with the 
proviso that when Rjq is methylene, Rn cannot be the 
O-acyl group, and with the further proviso that R^ and 
Ru when taken together represent the 16a, 17a-alkyl- 
idenedioxy group 



steroids. These processes can be best illustrated by means 
of the following generalized reaction schemes : 
Alkyl- I I I lisomer- 
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DETAILED DESCRIPTION OF THE INVENTION 

The novel 7(a,^)-loweralkyl-3-keto-AB-steroids are pre- 
pared by the reaction of a 3-keto-4,6-dicnic steroid with a 
lo.weralkylcopperlithium reagent, a loweralkylcoppertri- 
alkylphosphite complex or a loweralkylcoppertrialkylphos- 
phine con^Iex, in which the loweralkyl group contans froin 
1 to 3 carbon atoms, contained in an inert anhydrous or- 
ganic solvent. When the addition is performed in ether or 
tetrahydrofnran the metallic enolate ions of the corre- 
sponding 7(a,/9)-loweralkyl-3-hydroxy-3,5-dienic steroids 
is obtained from which the desired 7(o,i8)-lowcr-alkyl-3- 
keto-A^-steroids are generated by protonation. 

When the symbol Rj is hydrogen in each of formulas I 
and n above, the 19-nor androstane and 19-nor pregnane 
series of compounds arc designated. Illustrative of such 
compounds are 17^ - hydroxy-7a-methylestra-5-cn-3-one 
and 7a-methyl- 1 9-norpregn-5-en-3 ,20~dione. 

When Rj represents an a-methyl group in each of the 
formulas I and II above, the hydrogen in the 9 position 
must be in the /S-configuration. DIustrative of such com- 
pounds are 17^-hydroxy-7a-methyI-9p,10a-androst-5-en-3- 
one, 17^-hydroxy-6,7-diniethyl-9/3, 10a-androst-5-en-3-one, 
7a-mcthyl-9^,10a-pregn-5-ene-3,20-dionc, 17a - hydroxy- 
7a-methyl-9/9,10a-pregn-5-ene-3,20-dione acetate, and 6,7- 
dimethyl-9j9,10a-pregn-5-ene-3,20-dione. 

Conversely when Rj represents a /3-methyl group, the 
40 hydrogen in the 9 position must be in the a configuration. 
Illustrative of compounds which fall within this group are 
17;8-hydroxy-7a-methylandrost-5-en-3-one and 7a-methyl- 
pregn-5-cne-3,20-dione. 

The symbols R3 and Rs in formulas I and II can be 
45 either hydrogen or methyl. When R3 is methyl, the meth- 
yl group may be in either the « or /5 configuration, where- 
as when Ra is methyl its stereochemistry is fixed by the 
unsaturation in the position. Illustrative of such com- 
pounds are 17i3-hydroxy-la,7-dimethylandrost-5-en-3-one, 
60 17/3-hydroxy - 4,7 - dimethylandrost-5-en-3-one, 17;?-hy- 
droxy-6,7,17a-trimcthylandrost-5-en-3-one, la,7a,16a-trL- 
methylpregn-5-enc-3,20-dionei and 17«6 - hydroxy-6,7a-di- 

eralkyl-A5.sterords;a>nsequ^Tly:th;re^^^^^^^ ""'^I^^/l^^^^^^ m t 

for the first time a gener^ and readUy facile method of „ Jtl^^^^rjL^'^ ^iT"^ ^ 

'A J 1 cVf/ «s , , ™ process hereinafter described, inserts an al- 

? w^^rf ? ^^^^^^^^^'^t^^d of 7(a,^)-loweraIkyl. kyi g,oup in the 7-position as is indicated by the s^bol 

AA^t u ...... . R4 in formulas I and n. In general the process yields a 

Additionally, the compounds of this mvention readily — '-^ " " ¥ . ' 

undergo acid or base isomerization to the corresponding 
A*-steroids. Many of these 7(a,^)-loweralkyl-3-keto-A*- 
steroids are well known steroids having recognized valu- 
able biological properties including anabolic, androgenic 
estrogenic and other hormonal properties, m addition to 
the antitumor properties of such clinically valuable com- 
pounds as 7a,17a-dimethyltestosteroneterone (T. J. Can- 
tino, R Eisenburgh and G. S. Gordon, Cancer, 1966, iP, 
817) and 7^,17a-dimethyltestosterone (G. S. Gordon, A. 
Holden and R. M. Walter, Clinical Research, 1970, 18, 



wherein A and B are loweralkyl groups having from 1 
to 4 carbon atoms; 

Rjs is selected from the group consisting of hydrogen, 1- 
cydopenten-l-yloxy, 1-methoxycyclohexyloxy, 2-tetra- 
hydropyranyloxy, and the group — ORb» wherein R^ rep- 
resents hydrogen and an acyl radical having from 1 to 
12 carbon atoms, and which when taken together with 
Ri3 is 0x0; and 

Ris is hydrogen with the proviso that R12 and Ris cannot 
both be hydrogen, and which when taken together with 
Ris is oxq; and 

n is the integer 1. 

Generally spealdng the compound of this invention are 
crystalline solids which are insoluble in water. They are 
ciystalUzable from many inert organic solvents such as al- 
cohol, chloroform, 'acetone, toluene^ benzene-ether, ace- 
tone-petroleum ether or acetone-benzene. 

This invention also describes a novel process by which 
these compounds can be prepared. In contrast to the be- 
havior of alkyl Grignards, it has been discovered that di- 
loweralkyllithiumcuprates, loweralkylcoppertrialkylphos- 
phite complexes or lowerallcylcoppertrialkylphosphine 
complexes, in which the lower alkyl group contains from 
1 to 4 carbon atoms, unexpectedly and selectively cause 3- 
keto-4,6-dienic steroids to undergo a 1:6 addition resulting 
in the formation of the corresponding 3-keto-7(a,i5)-low 
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155), In view of the satisfactory yields obtained in both vP^^^ 



preparation of the 3 - keto-7(«,/3)-loweralkyl-A5-steroids 
and theu: conversion to the corresponding 3-kcto-7(a,i?)- 
lowcralkyl-A*-steroid8, the procedures described in this 
invention represent, in general, a preferred route to the 
preparation of the 7(«,/S) - loweralkyl-3-keto-A«-class of 75 



» — — O^"^" wwwo viwfcua n 

mixture of fa and 7/3-alkylated steroids having an alkyl 
group containing from 1 to 3 carbon atoms. The indi- 
vidual pure 7a and 7^alkylated compounds may be sepa- 
rated and obtained in piire form via standard fractiona- 
tion methods. Illustrative of 7-alkyl steroids prepared in 
this manner are 17/? - hydroxy-7a-methylandrost-5-en-3- 
one propionate, 17i8-hydroxy - 7/8 - methylandrost-5-en-3- 
one propionate, 17^-hydroxy-7^-isopropylandrost-5-en-3- 
one, 17/3-hydroxy-7a-ethyiandrost.5-en - 3 - one, 17/?-hy- 
droxy-7/?-cthylandrost-5-en - 3 - one, 7o-methylpregn-5- 
ene-3,20-dione, 7/5-methylprcgn-5-ene-3,20-dione, 7a-eth- 
ylprega-5-ene-3,20-dione, and 7j9-«thylpregn-5-cne - 3,20- 



The symbol Rb represents either hydrogen or an oxo 
group thus giving rise to the 11-oxo androstane and the 
11-oxo pregnane series of compounds. Typical, of such 
compounds are 7a-methylandrost-5-ene - 3,11,17 - trione,. 
7a-mcthyl-estr - 5 - cne-3,ll,17-trione, 7a-methy]pregn.5- 
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17a-hydr6xy-6,7-dimcthylprcgn-5-ene- 
17o-hy<lroxy-7ee,16a-dimethylpregn-5- 



*ent-3. 1 1,20-tribnc,- 
3,nj20>trione and 
ene-3,ll,20-tribae. 
' The expression Rg in both the androstane and pregnane 
series can be hydrogen, methyl or ethyl Typical com- 
pounds include 13-ethyl-17j3-hydroxy-7-methylgon-5-en-3- 
bne, acetate, and 13-ethyM7a-hydroxy-7o-methyH8,19- 
dinorpregn-5-ene-3,20-dione, acetate. 

The expression R7 in Formula I is intended to encom- 
pass both saturated and unsatiirated aliphatic carbon 
groups containing from 1 to 6 carbon atoms in the alpha 
position. Illustrative members of this group include 17/3- 
hydroxy-7a,17a-dimethylandrost-5 - cn - 3 - one, 17/3-hy- 
droxy-7a-methyl-17a-(l - propynyl)-estr-5-en-3-one, and 
17^-hydroxy-7-methyl- 1 7a-vinylandrost-5-en-3-one. 

The symbol Re in the androstane scries is in the beta 
configuration and represents hydrogen, the hydroxy! 
group and one of several alicyclic or heterocyclic ethers 
such as the 1-cyclopenten-l-yl, 1-methoxycyclohexyl and 
2-tetrahydropyranyl ethers. Additionally, the symbol Re 
encompasses the expression — ORq, in which the symbol 
R9 represents an acyl radical having from 1 to 12 carbon 
atoms. Illustrative of such compounds are 7-methyl-17/}- 
[(tctrahydropyran-2-yl)oxy]-androst-5-en - 3 - one, 17^- 
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When the symbols Rio and Rn are taken together hi 
the pregnane series, the 16a, 17a-alkylidencdioxy deriva- 
tives are formed. The preferred compounds among this 
class of steroids are 16a,17a-dihydTOxy-7a-methylpregn-5- 
ene-3,20-dione, cyclic acetonide with acetone and 16a, 
17a - dihydroxy-6,7a-dimcthyIpregn-5-ene - 3,20 - dione, 
cyclic acetonide with acetone. 

The symbol Ku in the pregnane series can be hydrogen, 
the hydroxyl group and one of several alicyclic or hetero- 
cyclic ethers such as the 1-cyclopenten-l-yl, 1-methoxy- 
cyclohexyl and 2-tetrahydropyranyl ethers. The symbol 
R12 may also represent the expression — ORg, in which 
R9 represents an acyl radical having from 1 to 12 carbon 
atoms. Examples of such pregnanes include 20/3-hydroxy- 
7a-methyI-9^,10a-pregn-5-en - 3 - one, 20/J-hydroxy-7a- 
methyl - 9p,10a - pregn-5-en-3-one, acetate and 20i9-hy- 
droxy-7a-methylpregn-5-en-3-one. 

Although the C-^20 position appears to include both 
mono and di-substituted derivatives, the present invention 
intends to encompass only the mono-substituted deriva- 
tives at this position. Accordingly there must always be 
hydrogen at the C-20 position. The exception to this 
general rule occurs when both the R^ and R13 groups are 
taken together to represent an 0x0 group giving rise to 



hydroxy-7a-nriethylandrost-5-en-3.- one-butyratc, and 17/3- 25 the 3,20-pregnadione derivatives as for example 7ameth- 



hy droxy-7a-methyl androst-5-en-3-one hydrocinnamate. 

When the symbol R7 is represented by one of the un- 
saturated members in the androstane series, such as 
ethinyl, the symbol Rs may not be represented by the 
O-acyl group, i.e., it may only be represented by hydro- 30 
gen, hydroxyl or one of the enumerated alicylic or hetero- 
cyclic ethers. Illustrative of such compounds are 17o- 
ethihyl-17)9-hydroxy-7a-methylandrG3t-5-en - 3 - one and 
1 7a- (butyryl ) - 1 7j3-hydroxy-7-methy lestr-5-en-3-one. 

Alternatively, the' symbols R7 and Rg in the andro- 35 
stanc series can be considered together as representing 
an 0x0 radical thereby forming the 3,17-andTostanedione 
series of compounds. Illustrative of such compounds are 
7a-methylandrost-5-€ne - 3,17 - dione and 6,7-dimethyl- 
androst-5-ene-3,17-dione. 40 

The symbols R7 and Rs may also be taken together to 
form cyclic 17-ethylene acetals or 1,3-dioxolane deriva- 
tives of androstane. Typical of such compounds are 7a- 
methylandrost-5-ea-3,17-dione cyclic 17- (ethylene acetal) 
and 7^-mcthylandrost-5-cn-3,17-dione cyclic 17-(cthylenc 45 
acetal). . 

In the pregnane series the I6-position may be substi- 
tuted in either, the alpha or beta configuration by the sym- 
bol Rjo, which represents hydrogen, methyl or a methyl- 
ene group. Typical of such 16-substituted compounds are 50 
la,7,16a-triraethylpregn-5-ene-3,20-dione, 17a - hydroxy- 
7,16a-dimethylpregn-5-ene-3,20-dione and 7,16a-dimethyl- 
pregn-5-enc-3;20-dione. 

The symbol Ru in the pregnane series is in the alpha 
configuration aiid! represents hydrogen, methyl, ethyl, and 55 
the 2-tetrahydropyranyloxy radical. An example of such 
a compound is 7a-17a-dimethylpregn-5-ene-3,20-dione. 

Additionally, the Symbol Ru in the pregnane series 
encompasses the expression — OR9 wherein the symbol 
R9 represents hydrogen, a loweralkyl group having from CO 
1 to 3 carbon atoms and an acyl radical having from 1 to 
12 carbon atoms. Illustrative of such compounds are 17a- 
hydroxy-7a-mcthylpregn-5-ene-3,20 - dione, acetate, 17a- 
hydroxy - 6,7a • dimethylpregn-5-ene-3,20-dione, acetate, 
and 17o-hydroxyl-7a-methyl-pregn-5-ene-3,20-dione, and ®^ 
17a-methyloxy-7a-methylprcgn-5-ene-3,20-dione. 

It is to be noted, however, that when the 16-position 
in the pregnane series is methylene,- R^ may not be repre- 
sented by the O-acyl radical. In such circumstances, Rn 
may only be hydrogen, hydroxy, methyl, ethyl, 2-tetra- 
hydropyranyloxy and the loweralkyl ethers. Iltustrative of 
such compounds are 17a-methoxy-7o-mcthyl-16-methyl- 
cnepregn-5-cnc-3,20-dione, aihd 17a-melhoxy-6,7a-dimeth- 
yl- 1 6-methylenepregn-5-ene-3,20-dione. 75 



ylpregn-5-enc-3,20-dione. 

The process of the present invention is generally ap- 
plicable and may be applied to a large variety of steroidal 
3 - keto-4,6-dienese which arc derived from such basic 
steroidal ring systems as androstane, 19-nor-androstane, 
pregnane, 19-norpregnane and to modifications as repre- 
sented by the IS-methylhomolognes, 18-ethyl homologues 
and the D-homo homologues. Additionally the process of 
this invention may be ^plied to the 9^:10a-steroisomers 
of the aforementioned androstane and pregnane ring sys- 
tems. 

Thus, in the androstrane series the 3-keto-7(a,/5)-lower- 
alkyl-A^-androstanes are conveniently prepared in good 
yield by reacting a diloweralkyllthium cuprate or other 
organocopper reagent such as a loweralkylcopper com- 
plexed with trialkylphosphites or a loweralkylcopper com- 
plexed with trialkylphosphines in which the loweralkyl 
group contains from 1 to 3 carbon atoms, with a 3-keto- 
4,6-androstadiene substrate having the general formula: 




(CHt)o 



VI 



wherein the various R groups have the meanings herein- 
before assigned. In general the starting materials are 
known compounds which can be made by methods de- 
scribed in the literature, e.g., Zderick, et iaU JACS, 80, 
2596 (1958) and H. J. Ringold and A. Turner/ C/iem. 
Ind,, 211 (1962). 

Similarly, in . the pregnane series, the 3-keto-7(a,/5)- 
loweralkyl-Afi-pregnanes are also conveniently prepared 
and. in good yield by reacting a dilowerallcyUittiium 
cuprate or a loweralkylcopper complexed with triaikyl- 
phosphitcs.or a loweralkylcopper complexed with trialkyl- 
phosphines, in which the loweralkyl group contains froni 
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1 to 3 carbon atoms, with a 3-keto-4,6-prcgnadiene hav- 
ing the general formula: 




vn 



wherein the various R groups have the meanings herein- 
before assigned. 

The organocopper reagents described and utilized in the 
present invention are highly specific in that they will selec- 20 
tively alkylate the 7-position of a 3-1^610-4,6-616^0 steroid 
via a 1:6 addition reaction. These reagents fall within 
three clases of organocopper compounds: diloweralkyl- 
lithium cuprates, a loweralkylcopper complexed with a 
trialkylphosphite, and a loweralkyl copper complexed with 25 
a trialkylphosphine, where the alkyl and loweralkyl groups 
contain from 1 to 3 carbon atoms. The diloweralkyllithium 
cuprates are the preferred reagents in carrying out the 
alkylation reaction with dimethylUthium cuprate repre- 
senting the preferred species. However, the remaining 30 
classes of organocopper reagents wiU also undergo the 
conjugate addition reaction with the methylcopper com- 
plex of tri-n-butylphosphine being particularly eflfective. 

The diloweralkyllithium cuprate reagents are conveni- 
ently prepared from an ethereal solution of loweralkyl- 35 
lithium and cuprous iodide in the molecular ratio of 2: 1 
under N2 at a temperature of from about 0" C to about 
—78' C, as reported by H. O. House, W. L. Respess and 
G. M. Whitesides, /. Organic Chemistry 1966, SI, 3138. 
In addition to the use of diethyl ether as a solvent the 
reagent may be prepared in other inert anhydrous organic 
solvents. By the term anhydrous solvent is meant any non- 
aqueous solvent which is non-reactive to the (Mrganocopper 
reagent in which the reagent is soluble. Thus, for example, 
petroleum edier, tetrahydrofuran, hexane or mixtures of 45 
these solvents are suitable solvents for the organocopper 
reagent. 

The molar proportion of the diloweralkylcopperllthium 
reagent necessary to insure completeness of the reaction 
is dependent upon the substrate employed. A minimum of 50 
2 moles of diloweralkylcopper lithium is necessary per 
mole of substrate in order for the 1:6 addition reaction 
to take place. One additional molar ratio of diloweralkyl- 
copperllthium is required for each other substituent of the 
substrate susceptible to metallation by the reagent, as for 55 
example, a hydroxyl group. 

The 1:6 addition reaction can be carried out at tem- 
peratures ranging from about 100* C to about —78" C. 
Temperatures below ambient temperatures are preferably- 
employed. The specific temperature will vary with the qq 
organometallic reagent employed and the nature of the 
steroid substrate. Thus, for example, when dimethylcopper- 
lithium is employed, a reaction temperature of 0* C. is 
sufiScient to insure rapid addition. When diisopropylcop- 
perlithium is employed as a reagent, a lower temperature 55 
is necessary since this particular organometallic reagent 
is imstable at room and elevated temperatures* A con* 
venient temperature in which to operate is — 20** C. 

The organometallic reagent adds rapidly to the steroid 
substrate with the formation of the metallic enolate ions 70 
derived from the corresponding 7(a,/5)-loweralkyl-3-hy- 
droxy-3,5-dienic structures. The preferred method of re- 
acting the steroid substrate is to dissolve or suspend the 
steroid substrate in an inert anhydrous organic solvent and 
add the resulting solution or suspension to the oigano- 79 



copper reagent dissolved in an inert anhydrous organic 
solvent. A reverse addition may also be utilized. The addi- 
tion reaction takes place rapidly, widi the reaction time 
being essentially controlled 1^ the rate of addition. A pre- 
5 ferred saethod of control is via the dropwise addition of a 
solution of the steroid substrate to a solution or suspen- 
sion of the organocopper reagent. In certain instances, as 
for example when reacting large quantities of material, it 
may be desirable to stir the reaction mixture for a period 
Xo of several hours thereafter. 

Following the addition of the organometallic reagent 
the reaction mixture is quenched by the addition of a 
protonating agent such as a saturated solution of am- 
monium chloride, oxalic acid or boric acid. Generally, 
X5 mixtures of 7a and 7jQ-loweralkyl-A^steroids axe obtained 
which can be separated by standard procedures such as 
fractioiial crystallization and chromatographic separation. 

This reaction is highly specific in alkylating the 7-posi- 
tion, notwithstanding a large variety of substituents which 
may already be present on the steroid nucleus. Conse- 
quently this reaction is useful in alkylating steroids hav- 
ing other active site centers without the need for providing 
protecting groups for such centers. Illustrative of the 
various substituents which remain unaffected by the al- 
kylating process are: 

(1) unconjugated carbonyl functions in the 11, 12, 15, 
16, 17 and 20 positions which remain unaffected inas- 
much as the organometallic reagent reacts only slowly 
with such carbonyl groups; 

(2) hydroxyl groups m the 16, 17 and 20 positions, al- 
though metallated by the reagent, are regenerated dur^ 
ing the protonatioh of the reaction mixture; 

(3) acyloxy groups in any position remun generally 
unaffected; 

(4) ether groups exemplified by the following partial 
structures remain unaffected; 

Lo RO-iiT^ 

CH> 



1 "bo/^CH. 



(5) lower alkyl groups, particularly methyl groups, 
which may be present in such positions of the steroid 
nucleus as 1, 2, 4, 6, 11, 12, 15, 16, 17, 18, 20 and 21, and 
ethyl groups in such positions as 16, 17, 18 and 20, are 
not affected; 

(6) methylene and cyclomethylene groups in the 16, 
17, 18 and 20 positions remain unaltered so long as the 
methylene groups do not contain vicinal acyloxy or 0x0 
functions; 

(7) unsaturated aliphatic carbon residues containing 
up to 6 carbon atoms, including both double and triple 
bonded systems, remain unaffected providing they do not 
contain any acyloxy or 0x0 functions vicinal to their un- 
saturation; and 

(8) a spironolactone side chain in the 17-position gen- 
erally remains unaffected by this reagent 

As previously mdicated, 3-keto-7(a,/3)-loweralkyl-A5. 
steroids produced in accordance with the present uiven- 
tion are readily isomerized to theur corresponding A*- 
counterparts, by treatment with an acid or base in an 
appropriate solvent. Thus, 3-keto-7Ca,/3)-loweralkyl-A*- 
androstanes having the general formula : 



(CHa). 
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ivherein the various R groups have the meanings herein- 
before assigned, may be readily prepared from the corre- 
sponding 3-keto-7 ( a,/3 ) -loweralkyl-AS-^ndrostanes shown 
in formula L 

Similarly, 3-keto-7(ot,/3)-loweralkyl-A*-prcgnanes hav- 
ing the general formula: 



10 




10 



15 



20 



wherein the various R groups have the meanings previous- 
ly designated, are readily prepared from their correspond- 
ing 3-'keto-7(aiP)4oweralkyl-A8-pregnanes shown in for- 
mula n. 

Solvents which may be suitably employed include aque- 
ous alcohols, acetic acid, acetone, and chloroform. Aque- 
ous ethanol and acetic acid represent the solvents of choice 
for the isomerization because of their ready accessibility 
and ease of removal. In general any readily available acid ^- 
or base can be used to effect isomerization such as hydro- 
chloric, hydrobromic, sulfuric, phosphoric and acetic acid. 
Examples of suitable bases include sodium hydroxide, 
ammonium hydroxide and sodium carbonate. 

The isomerization takes place with great facility at tern- gg 
peratures ranging from abient temperature to the boiling 
point of the solvent used. The conditions are not deemed 
to be critical, and for the majority of compounds isomeri- 
zation appears reasonably complete in about one hour. 
The isolation of the resulting 3-keto-7(a.^)-loweralkyl- 40 
Asteroids takes place by any of several methods known 
to the art. The aqueous organic solvent may be concen- 
trated or removed completely to precipitate the 3-keto- 
7(a,/9)-loweraIkyl-AMteroid, which may then be purified 
by recrystallization. Alternatively (he product may be ^5 
chromatographically purified. 

The 3 - keto-7 (0,^3 ) -loweralkyl-androstane derivatives 
illustrated in formula I, wherein R2, R3 and R5 are hydro- 
gen, have anabolic and androgenic activity. Particularly 
useful are the corresponding 7a-methyl derivatives. Where 
R2. Ra. R5 atid R7 are hydrogen the compounds are useful 
as anti-fertility agents. These compounds affect the fertility 
in male and female mammals by a variety of mechanisms 
depending upon such parameters as species, dosage and 
time of administration. Thus they fall into the class of gg 
claudogenic steroids as described by V. Petrow in /. 
Pharm. Pharmacol, 12, 704 (1960). Additionally, certain 
claudogenic steroids show both progestational and anti- 
progestational activity. The presence of methyl substit- 
uents at the Ci, C2 and Cn positions does not qualitatively gQ 
alter the biological properties of the parent compounds. 

The 3-keto-7(a,i3)-loweralkyl androstane derivatives, 
particularly the 7a-methyl-l7o-sub5titutcd androstanes of 
formula I wherein Ra, R, and R5 is hydrogen and R7 is 
not hydrogen, qualitatively resemble the foregoing group 
of structures in their biological properties. Structures in 
which R7 is alkynyl or alkadinyl have progestational ac- 
tivity also evidenced by their corresponding Cj, Cg, C4 and 
Ce methyl derivatives. Such compounds arc useful in place 
of known progestagens for progestagen therapy, e.g., 70 
'Progestagen Therapy" by Maxwell Roland, American 
Lecture Series, Publication No. 626, Charles C. Thomas, 
Springfield, III., U.S.A. for the control of fertility in male 
and female birds and mammals as well as for the treat- 
ment of prostatic hypertrophy in the male. The Q methyl 76 



derivatives can also be isomerized to the corresponding 
6,7(a,/9)-dialkylated-A«-steroidaI ketones which are also 
useful in the treatment of prostatic hypertrophy in the 
male. The 3 -keto-7 (a,^)-loweralkyl-pregnane derivatives 
illustrated in formula II, particularly the 7a-methyl de- 
rivatives, in which R4 is as previously defined and Rji is 
hydrogen or 0-acetyl, show progestational activity. 

The 7(«,^)-alkyl and in particular the 7a-methyl deriva- 
tives of structure II where where Ri, Rg, Rjo and Ru 
are as hereinabove defined and Rn is particularly OAc 
are distinguished by their progestational properties. These 
properties are also present in the corresponding Ci, C2, 
C4 and Cfi methyl and Ci-Cg methylene derivatives as well 
as in their 11-oxo derivatives. The 6,7-(a,i5)-dimethyl-A*- 
3-steroidal ketones are particularly usefiil in the treat- 
ment of prostatic hypertrophy in the mole. 

The compounds of the present invention are preferably 
administered in unit dosage forms such as tablets, capsules, 
powders, granules, sterile solution or suspensions for par- 
enteral use, and oral solutions or suspensions, and cream, 
lotions or ointments for topical use. Additionally the ac- 
tive ingredients may be administered in sublingual and 
intrabuccal preparations, formulations for inhalation 
therapy and insufflation such as sprays and aerosols, intra- 
vaginal and rectal suppositories, vaginal rings impregnated 
with the active ingredients, intrauterine devices and sub- 
cutaneous and intramuscular implants or depot prepara- 
tions. 

The dosage of the active ingredient to be admuiistered 
will depend upon such factors as route of admim'stration, 
age. weight and the nature of the patient's condition being 
treated or alleviated. A dosage of the therapeutic steroid 
will generally range from about 0.1 mg. to about 3,0 gm, 
per administration with repeated dosages ranging from 
about one to four times daily to once every three months. 
Illustrative dosage levels for progestagen therapy range 
from about 0.25 mg. to about 1 .5 gm. per single adminstra- 
tion per patient In the treatment of prostatic hypertrophy 
in the male, a daily dosage of the active ingredient will 
generally range from about 0.25 mg. to 1.5 gm. per single 
admmistration per patient. Where the steroid is being ad- 
ministered with one or more active ingredients, the dos* 
age is to be determined with reference to the usual dosage 
of such ingredients. 

For oral administration either solid or liquid dosage 
unit forms can be prepared. In preparing solid composi- 
tions such as tablets, the principal active ingredient is 
mixed with conventional pharmaceutical excipients such 
as gelatin, starches, lactose, magnesium stearate, talc, 
acacia, dicalcium phosphate and functionally similar ma- 
terial. The tablets may be laminated, coated, or otherwise 
compounded to provide prolonged or delayed action or to 
release a predetermined succession action of medication. 
Capsules, like tablets, are prepared by mixing the steroid 
with an inert pharmaceutical filler or diluent and filled 
in either hard gelatin capsules or machine encapsulated in 
soft gelatin capsules. 

Liquid dosage forms for oral administration snch as 
syrups, suspensions and elixirs may also be employed. The 
water soluble forms of the novel steroids of this inven- 
tion ran be dissolved in an aqueous vehicle together with 
flavoring agents and preservatives to form a syrup. An 
elixir utilizes a hydro-alcoholic vehicle such as ethanol 
with suitable sweeteners and flavoring agents. Suspensions 
of the insoluble forms of the active steroids may be pre- 
pared in a suitable syrup vehicle with the aid of suspending 
agents such as acacia, tragacanth and methyl-cellulose. 

The quantity of active ingredient contained in each 
dosage unit form will, of course, vary with the type of 
dosage unit and the nature of the condition being treated. 
Thus it is possible for each dosage unit to contain from 
about 0.1 mg. to about 3.0 gm. of active ingredient in 
addition to the non-toxic pharmaceutical excipient con- 
tained therem. A preferred range of active ingredient for 
an orally administered dosage form such as a tablet, cap- 
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or grinding in a light liquid petrolatum base. Creams and 
lotions are prepared by dispersing the active ingredient 
in an oily phase and forming an emulsion therefrom. 

The following preparations and examples are illustrative 
of the products, processes and compositions of the present 
invention but are not to be construed as necessarily limit- 
ing the scope thereof. 

EXAMPLE I 

17j3-Hydroxy-7a-inethyIandrost-5-en-3-one 

A solution of 141 g. (0.5 mole) testosterone in 750 
ml. dioxane was saturated with gaseous Hd'and cooled to 
0* C. To this solution was added over 20 min. with con- 
tinuous cooling a solution of 1 14 g. (0.5 mole) 2,3-di- 
chloro-5,6-dicyano-l,4-benzoquinone in 750 ml, dioxane 
saturated with gaseous HCl. The cooling bath was re- 
moved and stirring continued an additional 30 min. The 
reaction mixture was filtered and the solvent volatilized 
to give a yellow so!id. Recrystallization from acetone gave 
110 g. of 17i9-hydroxy-androsta-4,6-dien-3-one having a 
m.p. 20O-202'' C. 

A solution of lithium dimethylcopper was prepared 
under- nitrogen by adding 625 ml. of 1.6 M (1 mole) 
Ethereal mcthyllithium to a slurry of 96 g. (0.5 mole) 
cuprous iodide in 500 ml. of anhydrous ether at 0* C. 
This solution was stirred at 0° C. for an additional 
10 min. followed by the dropwise addition of a solution 
of .30 g. (b.l) 17/3-hydroxyandrosta-4,6-dien-3HDne in 
500 ml. of anhydrous tctrahydrofuran. The reaction mix- 
ture, was. stirred for . an additional 30 min. at 0" C. and 
then poured into 2 liters of a saturated aqueous amrdoni- 
ura chloride solution. Benzene was added and the mix- 
ture was filtered rapidly through diatomaceous earth. 
The benzene layer was washed with saturated aqueous 
ammonium chloride, with water, and dried (MgSOtt). 
Evaporation of the solvent gave a solid which was covered 
with, acetone and -filtered. Recrystallization from, acetone 
gave 10 g. of the desired 17^-hydroxy-7armethylandrost- 
5-en-3-one; m.p. 200-216' C.;. UV max. . (EtOH) .288 
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sule or liquid syrup or suspension' ranges from' abiout 
50'mg. to about 500 mg. of active ingredient per adminr 
istered dosage. 

Parenteral fiuid dosage forms are prepared by utilizing; 
thfe acti-ve ingredient in a sterile liquid vehicle, water or 
saline solution being the preferred vehicle. The active 
ingredient can either be dissolved or suspended in the 
vehicle, generally depending on the form of administration 
and the concentration used. A water soluble form of the 
active ingredient can be dissolved in the vehicle and filter 
sterilized prior to filling a suitable vial or ampule. Alter- 
natively the vial or ampule may be filled and subsequently 
sterilized- Adjuvants such as local anesthetics, preservatives 
and buffering agents can also be added. In order to fur- 
ther enhance stability, the composition may be frozen 
after filling and. the water removed by freeze drying tech- 
niques weU known in the art. Such dry lyophilized pow- 
ders are then reconstituted prior to use. 

Parenteral preparations including .suspensions of micro- 
nized materials, oil suspensions, solutions or suspensions 20 
of the active steroid ingredient in biologically degradable 
materials such as polylactide are also contemplated to be 
within the preview of the present invention. 

Parenteral preparations including suspensions of micro- 
nized materials, oil suspensions, solutions or suspensions 
sterilization cannot be accomplished by filtration. Sur- 
factants or wetting agents are conveniently employed 
to facilitate uniform distribution of the steroid in the 
vehicle. A preferred range of the active ingredient for 
a parenteral fluid dosage form b from about 50 mg. to 3 
gm. per administered dose. 

Topical ointments can be prepared by dispensing the 
active ingredient in a suitable ointment base such as 
petrolatum, lanolin, polyethylene glycols or mixtures 
thereof. Generally the steroid is finely divided by milling 
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nm. (e 82); IR (KBr) 1700;.cm.-i .:(G==0); NMR 
(CDCIs).* 5.37 (m. (}-6 H). 0.81 (d, C-7 GHsi /?=H2.); 

Analysis.— rCaXc'd for Cai^aoOz: C, 79;62; H, ■ 10,00; 
Found: C, 79.58; H, 10.10. . 

In accordance -with. the. above -procedure,' but substitut- 
ing for the 17/9-hydroxyandrosta-4,6-^iene-^3rone < :aa 
equivalent amount. of: 

Androsta-4,6-diene-3-one. 
17/J-hydroxy.l«-methylandrosta-4,6-diene-3-one, 
17/3-hydroxy-4-methylandrosta-4,6-dicno-3-one, and 
17/9-hydroxy-4-methylandi;osta-4,(5-diene-3-one-acetate. 
the following compounds were respectively obtained: 
7-methylandrosta-5-en-3-one, 
1 7/3-hydroxy- la,7-dimethylandrost-5-eiir3-one, 
17^-faydroxy-4,7-dimethylandrost-5-en-3-onc, and 
17j5-hydroxy-4,7-dimethylandrost:5-en-3 -one, acetate. 

EXAMPLE n 

17/3-Hydroxy-7a-methylandrost-5-en-3-one 

Methyl copper was prepared under nitrogen by adding 
94 ml. of 1.6 M (0.15 mole) ethereal methyllithluiii to 
an ice-cold (0' C). slurry of 28.56. g. (0.15 mole) cuprous 
iodide in 800 mL anhydrous ether. The yellow suspension 
was converted to a black solution of methylcopper-tri- 
methyiphosphite complex by the addition of 55.8 g. 
(0.45 mole) trimethylphosphite. Immediately, thereafter 
14.3 g, (0.05 mole) of 17i3-hydroxy-androsta-4,6-dien-3- 
one in 150 ml. of anhydrous tetrahydrofuran was addeif 
dropwise and stirring continued for 45 min. at 0° C. the 
reaction mixture was poured into 1 liter of saturated 
aqueous ammonium chloride. Benzene was added and the 
mixture rapidly filtered through diatomaceous earth. The 
benzene . layer was washed once with saturated aqueous 
ammonium chloride, with water, and dried over inag- 
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nesium sulfate. The solution was filtered and concentrated 
under a vacuum. The residue remaining was crystallized 
from acetone to give 2 g. of the desired 17/3-hydroxy-7a- 
methylandrost-5-en-3-pne; m.p. 195-2 10 •; spectral data 
identical with previous sample. 

Anidysis.—Cdlc*d for CaoHgoOa: C, 79.6iZ; H, 10.00. 
Found: C, 79.57; H, 9.71. 

EXAMPLE III 

Isomerization of 17/3-hydroxy-7a-methylandrost-5-en-3^ 
one to 17p-hydroxyT7a^melhylandrpst-4-eri-3-biie. . . 

17p-hydroxy-7a - methylandrost-5-en-3-on6 -was dis* 
solved in methanol at room temperature and HO gas 
bubbled through the solution for 1 minute. The solvent 
was evaporated and the remaining residue, recrystallized; 
from an acetone-hexane solution to give the correspond- 
ing 17^-hydroxy-7a-niethylandrost-4-en-3-one, / . ■ T 

17j9-hydroxy-7a-methylandrost - 5-en-3-one . was also 
isomerized under alkaline conditions. The compound was 
55 dissolved in methanol at room temperature and sodium 
mcthoxide added. The solution was stirred for 30 minutes 
and the resulting solution was poured into an ice-water 
mbcmre and extracted with ether. The ether extract was 
washed with water, dried over magnesium sulfate and 
concentrated. Recrystallization of the residue from 
acetone-hexane gave 17i3-hydroxy-7a-methylandrost-4-en- 
3-one. 

EXAMPLE iv 

7a-methyl-17^hydroxyandrost-5-en-3-one acetate 7)5- 
methyl-17/?-hydroxyandrost-5-eri-3-one acetate 

. A solution of 50 g. (0.152 mole) testosterone acetate, 
in 500 cfc. dioxane was saturated with gaseous HCl arid 
added all at once to a solution of 34.5 g. (0.152 mole)* 

70 of 2,3-dichlpro-5,6-dicyano-1.4-benzoquiiione in 500 mj. 
dioxane saturated with gaseous HCl. The reaction mix- 
lui"e was stirred at room temperature for 5 minutes and 
filtered. Evaporation of the solvent gave a brown solid- 
which was passed through a short alumina packed column 

7*5- and eluated with acetone until the colored band reached- 
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the base of the column. The combined eluant was re- 
crystallized from acetone-hexane so.ution to give 40 g. 17/3- 
acetoxy-androsta-4,6-dien-3-oiic: m.p. 141-142' C. 

'A solution of lithium dimethyl copper was prepared 
under nitrogen by adding 10 ml. of 1.6 M (0.160 mole) 
ethereal methyllithium solution to a slury of 16.7 g. 
(0.88 mole) cuprous iodide contained in 100 ml. an- 
hydrous ether at 0" C. The solution was maintained at 
0" C. for an additional 5 minutes and a solution of 10 
g. (0.03 mole) 17i3-acctoxyandrosta-4.6-dien-3-onc in 50 
ml. anhydrous tetrahydrbfuran was added over a 1 minute 
period. The mixture was stirred an additional 2 minutes 
aihd poured into a saturated aqueous ammonium chlo- 
ride solution. Benzene was added and the mixture rapid- 
ly- filtered through diatomaceous earth. The organic layer 
was washed with saturated aqueous ammonium chloride, 
followed by a water wash, dried over magnesium sulfate 
and evaporated. The resulting oil was dissolved in methyl- 
ene chloride and rapidly chromatographed through a silica 
gel column piacked with inethylerie chloride. The material 
which eluted with the solvent front was recrystalUzed 
twice from hexane tp give the desired 7a-mcthyM7/3- 
hydroxyandrost-5-en-3'-one acetate: m.p. 142-155" C; 
UVmax. (EtOH) nm. (sh);IR (KBr) 1710-1730 cm."i 
(G=0) ester C=0); NMR (CDI3) « 5.37 (m, C-6 H), ^5 
0.81(d.C-7CH,,/=7Hz.). 

Analysis,— Cd^c'd for C22H33O3: C, 76.70; H. 9.36. 
■Found: C, 76.59: H, 9.49. 

- The combined mother liquors were evaporated and the 
■resulting oil recrystallized from pentane. This solid was 
'then^rechromatographed on a silica gel column packed in 
methylene chloride. The solid eluant was 7^-methyl-17/3- 
hydroxy-androst-5-en-3-one acetate: m.p. 100-107* C; 
UVmax. CEtOH) 236nm. (sh);IR (KBr) 1710 (C-=0), 
1725 cm.-i (ester C=0); NMR (CDCI3) a 5.12 (broad 
t, €-6 H), 0.98 (d, C-7 CHji 7=7 Hz.). 

. Analysh.-^B\c*d for CjtJHaaOa: C. 76.70; H, 9.36. 
Found: C, 76.83; H, 9.46. 

Following ' this procedure but substituting for 17^- 
acetoxyandrosta - 4,6 - dien - 3 - one the appropriate 40 
equivalent amounts of; • 
1 7j9-hydroxyandrosta-4,6-dien-3-one, butyrate, 
1 7/9-hydroxyaridrosta-4,6-dien-3*one» benzoate, 
17^-hydroxy-17a-methylandrosta-4,6-dien-3-one. acetate, 
17^-hydroxy-17a-methylandrosta-4,6-diene-3, 1 1-dione, 

• acetate, and • 

1 7/3-hydroxy-la-metKyl&hdrosta-4.6-dien-3-one, acetate, 

the following substituted 17^-hydroxy-androst-5-ene-3- 
■ • ones were respectively obtained : 
:i7^-hydroxy-7-methylandrost-5-en-3-one, butyrate, 
17i3-hydroxy-7-methylandrost-5-en-3-one, benzoate. 
17phydroxy-7, 1 7i]e-dimethylandrost-5,-en-3-one, acetate, 

17i3-hydroxy-7.17a-dimethylandrost.5-ene-3,n-dione, 

• acetate^ and * ' 

17^hydroxy-la,7:diniethyIandrost-5-en73-one, acetate. 
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. .'.EXAMPLE. Y 

:l7/3 - iydr<»ty - Ti - methylandrost - 5 - en - 3 - one 
: propionate H/J - hydroxy - 7/5 . methylandrost - 5 - en- 
.V3-one propionate 

•■■•*fbA^'"?°^ ^- 17/3-hydroxyandrosta-4,6-dien.3-oae 
in.ISO ml. pyndmeand 180. ml. propionic anhydride were 
left at .room .temperature for 18 hours. The solution was 
poured mto.water-and the solid filtered and recrystallized 
from acetoneThcxane to.give 27:6 g, of I7p - Hydroxy- 
13^?36•"c^■ ' '"""^ propionate having a mp 

•^A solution of lithium: dimethylcopper was prepared 
pnder.mtrogen by adding 262.ml. of 16. M (0.42 mole) 
ethereal methylhthiumrto a slurry of 45.7 e. (0 24 mble^ 
cuprous iodide in 300 ml-, anhydrous ether at 6- C The 
^ nn^? "^l' i^ainlained at=0° C.' for an additional 15 

'"^^^ '''' 
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•ml. anhydrous tetrahydrofuran was added over a period 
of two minutes. The mixture was sturred for an additional 
one minute and poured into a saturated aqueous am- 
monium chloride solution. Benzene was added and the 
mixture rapidly filtered through diatomaceous earth. The 
organic layer was washed with a saturated aqueous am- 
monium chloride solution, then with water, dried over 
magnesium sulfate and evaporated to dryness. The result- 
ing oil was dissolved in methylene chloride and rapidly 
chromatographed through a silica gel column packed in 
methylene chloride. The material which eluted with the 
solvent front was recrystallized from hexane to give the 
desired 17/3 - hydroxy - 7^ - methylandrost - 5 - en - 3- 
one propionate: mp 144-148'' C; UV max. (EtOH) 242 
nm. (sh); IR (KBr) 1730 (ester C=0),. 1710 cm.-i 
(C==0); NMR (CDCI3) « 5.1 (broad t, C-6H), 0.97 (d, 
C-7CH3, /=7Hz.). 

Analysis.— Csilc'd for C33H84O5: C, 77.05; H, 9.55. 
Found: C, 77.14; H, 9,61. 

The mother liquor was evaporated and the resulting oil 
rechromatographed on a silica gel colrnnn packed in 
methylene chloride. The semi-solid mass was layered with 
pentane and iiltered. The pentane solution was concen- 
trated and on standing 17j9 - hydroxy - 7a - methylandrost- 
5-en-3-one propionate precipitated: mp 82-85" C; UV 
max. (EtOH) 244 nm. (sh); IR (KBr) 1725 (ester 
C=0), 1710 cm,-i (C=0); NMR (CDCI3) « 5.37 (m, 
C-6 H), 0.81 (d, C-7 CH3, /=7Hz.). 

Analysis.— CAlc'd for C23H34O3: C. 77.05; H. 9,55. 
Found: C, 77.18; H, 9.64. 

Following the above procedure of Example V and sub- 
stituting for 17iS-hydroxyandrosta - 4,6 - dien - 3 - one 
propionate an equivalent amount of: 

1 7p-hydroxy- 1 7a-methylandrosta-4,6-dien-3-one, 
propionate, 

1 7/3-hydroxyandrosta-4,6-dien- 3 -one, phenoxyacetate 
17^-hydroxyandrosta-4,6-dien-3-one, hydrocinnamate and 
17p-hydroxy- 1 a-methylandrosta-4,6-dien-3-one, 
propionate, 

the following compounds were respectively obtained: 

17^-hydroxy-7,17a-dimethylandrost-5-en-3 -one, 
propionate, 

1 7^-hydroxy-7-methylandrost-5-en-3-one, phenoxyacetate, 
17y3-hydroxy>7-mcthylandrost-5-en-3-one, 
hydrocinnamate, and 

17^hydroxy-la,7-dimethylandrost-5-en-3-one. propionate. 

EXAMPLE VI 

7a-methylandrost-5-en-3, 1 7-dione 

A solution of 22.7 g, (0.1 mole) 2,3-dichloro-5.6-di. 
cyano-l,4-benzoquinone in 250 ml. of dioxane saturated' 
with gaseous HCl was added all at once to a solution of 
28.6 g. (0.1 mole) of androstenedione in a solution of 500 
ml. of dioxane saturated with gaseous HCL The reaction 
mixture was stirred for 30 minutes at room temperature 
and filtered. The dioxane solution was evaporated and the 
residue recrystallized from acetone-hexane to give 28 e 

163-1^ C " '^'^ ' ^""^ ' ^'^^ ' "^^^ ^ 

A solution of lithium dimethylcopper was prepared 
under nitrogen by adding 156 ml. of 1.6 M (0,25 mole) 
ethereal methylhthium to a slurry of 24 g. (0.126 mole) 
cuprious iodide contained in 150. ml, of anhydrous ether 

4,6 - dien - ? 17 - dione m 150 ml. anhydrous tetrahydro- 
furan was added and the reaction mixture stirred at 0' C 
tor 3 mmutes. The mixture, was poured into 1;5 liters of 
a saturated aqueous ammonium chloride solution, diluted 
Tanh Sn^l?"^'^^ filtered through diatomaceous 
fnf/n!; ^ "^^^ With a saturated s6- 

#frTJ!fc??'''''"i^'"°"^""' then water, dried 

^t^f^-'^.u^f ^^'^^"^ted.to an oil. The oU was.dis- 



one propionate in 100 75 ^edS^^Z^i^^ '^roL^^^^^ 



04/10/2003, EAST Version: 1.03.0002 



15 



3,833,621 



silica gel column packed in methylene chloride. The meth- 
ylene chloride eluants were combined and recrystallized 
three times from acetone, once from methylene chloride, 
and finally triturated with ether. The ether mixture was 
filtered and concentrated to give the desired 7a-methyl- 
androst - 5 - en - 3,17 - dione: mp ITO-ISS" C, UV max. 
(EtOH) 242 (sh) nm., 290 nm. (« 115); IR (KBr)' 1710, 
1695 cm -t CC=0); NMR (CDCI3) d 5.4 (m, C-6 H), 
0.85 (d, C-7 CH3. 7=7 Hz, ) . 

Analysis.^C&lc*d for CsoHasOj: C, 79.96; H, 9.39. 
Found: C, 79.89, 79.69; H, 9.54, 9.38. 

EXAMPLE Vn 

1 7/9-hydroxy-7o6- 1 7a-dimethyl androst-5-en-3-one 

A solution of 12 g. (0.05 mole) of 2,3-dichloro^,6 
dicyano - 1,4 - benzoquinone in 200 ml. dioxane sat- 
urated with gaseous HCl was added all at once to 0° C. 
solution of 15 g. (0.05 mole) of Ha-methyl testosterone 
in 500 ml. of dioxane saturated with gaseous HCL The 
reaction mixture was stirred for 30 minutes at room tem- 
perature and filtered. The dioxane was removed under 
vacuum and the residue recrystallized twice from acetone- 
hexane to give 10 g. of 11 fi - hydroxy - 7a - methyl- 
androsta-4,6-dien-3K>ne: mp 190-195" C. 

A solution of lithium dimethylcopper was prepared un- 
der nitrogen by adding 188 ml. of l.« M (03 mole) 
ethereal methylKthium to a slurry of 28 J g. (0.15 mole) 
of cuprous iodide in 200 ml. of anhydrous ether at 0* C. 
A solution of 9.0 g. (0.03 mole) of 17^hydroxy-17a-meth- 
ylandrosta-4,6-dien-3-one in 200 ml, of anhydrous tetra- 
hydrofuran was added dropwise. The reaction mixture 
was stirred at 0* C. for 30 minutes and poured into 
750 ml. of a saturated aqueous ammonium chloride solu- 
tion. Benzene was added and the mixture was filtered 
through a bed of diatomaceous earth. The -benzene layer 
was washed with a saturated aqueous ammonium chlo- 
ride solution, with water, dried over MgS04 and evapo- 
rated under vacuum. The resulting oil was recrystallized 
three times from ether to give the desired 17/5-hydroxy- 
7a,17a-dimethylandrost-5-en-3-one: mp 159-179** C, UV 
max. (EtOH) 235 nm. (sh); IR (KBr) 1700cm.-i (C= 
O); NMR (CDCls) 5 5.36 (m, C-^ H), 0.80 (d, C-7 
CH3, 7=7 Hz.). 

Anal Calc'd for CaiHsjOa: C, 79.70; H, 10.19. Found: 
C. 79.70; H, 10.23. 

EXAMPLE Vm 
17a-ethinyH7^-hydroxy'.7-methylandrost-5-en-3-onc 

A solution of 50 g. (0.16 mole) of 17a-cthinyl testos- 
terone in 500 ml. dioxane was saturated with gaseous 
HCl and added to a solution of 36 g. (0.16) of 2,3-dL- 
chloro 5,6-dicyano-l,4-ben2oquinone in 250 ml. of a di- 
oxane solution saturated with gaseous HCI. The reaction 
mixture was stirred for 30 minutes at room temperature 
and filtered. The filtrate was concentrated to 250 ml., 
chilled, and filtered to give 42 g. of 17a-ethinyl-17^-hy- 
droxyandrosta-4.6-dien-3-onc: mp 259-263* C. 

A solution of lithium dimethylcopper was prepared un- 
der nitrogen by adding 406 ml. of 1.6 M (0.65 mole) 
ethereal mcthyllithium to a slurry of 64 g. (0.335 mole) 
of cuprous iodide suspended m 300 ml. of anhydrous 
ether at 0" C. To the solution was added a solution of 
20 g. (0.065 mole) of 17«-eihinyl-17i8-hydroxyandrosta- 
4,6-dienr3-one in 750 ml. of anhydrous tetrahydrofufan 
over a 20 minute period. The reaction mixture was stirred 
for an additional 30 minutes at 0** C. and then poured 
into 1 liter of a saturated aqueous ammonium chloride 
solution. Benzene was added and the mixture filtered 
through diatomaceous earth. TTie organic layer was 
washed with a saturated solution of aqueous ammonium 
chloride, dried over sodium sulfate and evaporated to 
dryness. The dark residue was dissolved in methylene 

chloride and rapidly chromatographed through a 400 

g. sUica gel column packed in methylene chloride. The 75 C, 76.67; H, 9.42, 
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solid eluant was recrystallized twice from acetone-hcxane 
mixture to give the desired 17a-ethiny-17i3-hydroxy-7- 
methylandrost-5-en-3-one: mp 170-172' C; UV max. 
(EtOH) 240 nm. (sh); IR (CHCl,) 1700 cm."* (C=:0) 
NMR (CDCls) « 5.37 (m. C-6 H), 5.1 (m, C-6 H). 0.98 
(d, C-7 /SCHa, /=7 Hz.), 0.83 (d, 0-7 aCHs, /=7Hz.). 

Anal—CsAc'd for CaaH^oOa: C, 80.94; H, 9^6. Found: 
C, 80.83; H, 9.27. 

Following this procedure but substituting for the 17a- 
ethInyl-17/»-bydroxyandrosta-4,6-dien - 3 - one equivalent 
amoimts of: 17/8-hydroxy-17a-Cl^(3-hydroxypropynyl)]- 
androsta - 4,6-dien-3-one and 17^-hydroxy - 17a-vinylan- 
drosta - 4,6<iien-3-one, resulted in the formation of: 17^- 
hydroxy - 17a-[l-(3-hydroxypropynyl) ] - 7 - methylan- 
drost-5-en-3-one and 17/3-hydroxy - 7-methyl - 17a-vinyl- 
andro8t-5-en-3-one, respectively. 

E3CAMPLE K 

7a-methylandrost-5-en-3,17-dione cyclic i7-(ethylene 
acetal) 

7/}-methylandrost-5-en-3,17-dione cyclic 17- (ethylene 
acetal) 

27 g, of pyridinium hydrobromide perbromide was 
added in small portions to a solution of 20 g. of 3/3-hy- 
droxy-androst-S-ene-17-one cyclic ethylene ketal in 250 
ml. pyriduie at 0"* C. The reaction mixture was main- 
tained at 0* C. for 3 hours and then stirred at. room 
temperature for an additional 2 hours. After recooling 
to 0* C. a solution of 15 g. of chromium trioxide in 150 
ml. pyridine was added slowly. Stirring was continued 
for an additional 3 hours at 0' C. The reaction mixture 
was stirred at room temperature overnight, poured into 
water and extracted with benzene. The benzene, extract 
was washed with water, dried over MgSO^ and evapo- 
rated. The residue was dissolved in 360 ml. of dimethyl- 
formamide and 36 g. of lithium chloride and 36 g. of 
lithium carbonate were added. This reaction mixture was 
heated on a steam bath for 30 minutes, allowed to stand 
at room temperature for an addiUonal 2 hours, filtered, 
concentrated to 100 mL, diluted with water, and : ex- 
tracted with methylene diloride. The methylene chloride 
extract was dissolved in benzene, placed on an alumina 
column packed in benzene, and eluted with benzene. Re- 
crystallization of the eluant from an ether-pentanc mix- 
ture yielded 12 g. of androsta-4,6-dien-3.17-dione, cyclic 
17-(ethylene acetal) having a mp 152-157.° C. 

A solution of lithium dimethylcopper . was prepared 
under nitrogen by adding 188 ml. of 1.6 M (0.3 moles) 
of an etheral methyllithium solution to a slurry of 29 g, 
(0.15 mole) of cuprous iodide suspended in 200 ml. 
anhydrous ether at 0" C. The solution was stirred an 
additional 10 minutes at 0* C. and a solution of 10.9 
(0.033 mole) of androst-4,6-dien-3,17-dione cyclic 17- 
(ethylene acetal) in 150 ml. of anhydrous tetrahydrofuran 
was added over a period of 15 minutes with continuous 
stirrmg at a temperature of 0* C. Stirring .was continued 
for an additional 30 minutes at 0* C, the mixture poured 
into 1 Hter of a saturated aqueous anunonium ddpride 
solution, benzene added and the resultant mixture rapidly 
filtered through diatomaceous earth. The organic layer 
was washed with a satiu'ated aqueous ammonium chloi- 
ride solution, washed with water, dried over MgSQi, and 
concentrated to an oil. The oil was dissolved in methyl- 
ene chloride and rapidly chromatographed' oti a silica 
gel column packed in methylene chloride. The methylene 
chloride containing eluant was crystallized four times 
from ether-pentane solution to give the desired: 7a-mcthyl- 
androst-5-en-3,17-dione, cyclic 17- (ethylene .acetal): mp 
130-141 » C, UV max. (EtOH) 240 nm (sh); IR (KBr) 
1700 cm.-i (C=:0); NMR.(CDa3) » 5.39 (m, C-6:H), 
0.83 (d. C-7 CHs. y=7 Hz.). . ' . 

^it<rf.--Calc*d for C2aH3a08: C, 76.70; H, 9.36. Found: 
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The combined mother liquors were treated with ether- 
pentane solutions. The solid was filtered and the mother 
liquor concentrated to an oil. This oil was rccrystallizcd 
twice from hexane to give the desired 7^-methylandrost- 

5- en-3,17-dione, cyclic 17-(ethylene acetal): mp 106- 
116' C, UV max. (EtOH) 237 nm. (sh); IR (KBr) 
1700 cm.-i (C=0); NMR (CDCI3) 8 5.12 (broad t, 
C-6 H), 0.98 (d, G-7 CH3, J=l Hz.) . 

Analysis,— Czic:^ for C22H32O3: C. 76.70; H, 9.36. 
Found: C, 76.44; H, 9.14. 

Following this procedure but substituting the appropri- 
ate amounts of: 

17i3-[(l-methoxycyclohexl)oxy]-androsta-4,6-dien-3- 
one, 17/S-( l-cyclopenten-l-yloxy)-androsta-4,6-dien-3'. 
one, and 17^-[(tetrahydropyran-2-yl)oxy]-androsta- 
4,6-dicn-3-onc for aadrost-4,6-dicn-3,17-dione cyclic 
17-(ethylene acetal) resulted in the formation of: 

17^-I(l-methoxycyclohexyl)oxy]-7-methylandrost-5-en- 
3-one, 17/5- ( 1-cyclopenten- 1-yloxy ) -7-methylandrost-5- 
en-3-one» and 7-raethyl-17i9-[(tetrahydropyran-2-yI) 
oxy] -androst-5-en-3-one, respectively. 

Example X 

17/S-hydroxy-6,7^-dimethylandrost-5-en-3-one acetate 

A solution of 16.7 g. (0.0489 mole) of 17i3-acetoxy-6- 
methyleneandrost - 4 - en-3-one and 8.2 g. sodium acetate 
in 330 ml. of absolute ethanol was stirred and refluxed 
overnight with 1.0 g. of 10% paUadium on charcoal. The 
mixture was filtered through diatomaceous earth, the fil- 
trate concentrated, and diluted with water, and extracted 
with ether. The ether solution was dried over MgS04 and 
removed under vacuum. Recrystallization of the residue 
from methanol gave 14.1 g. of 17/9 - acetoxy - 6 - methyl- 
aodrosta-4,6-dien-3-onc: mp 171-172.5* C. 

A solution of lithium dimethylcopper was prepared un- 
der nitrogen by adding 55 ml. of 1.6 M (.088 mole) 
ethereal methyllithium solution to a slurry of 9.45 g. 
(.0495 mole) of cuprous iodide in 120 ml. of anhydrous 
ether at 0' C. The resulting solution was stirred at 0' C. 
for an additional 20 minutes, followed by the addition of 
a solution of 5.0 g. (0.0146 mole) of 17^-acetoxy-6-nieth- 
ylandrosta-4,6-dien-3-one in 65 ml. anhydrous tetrahydro- 
furan. Stirring was continued for 70 minutes at 0' C. The 
reaction mixtm-e was poured into a saturated aqueous 
•ammonium -chloride solution with vigorous stirring. Ben- 
zene was added and the mixture was filtered through di- 
atomaceous earth. The organic layer was washed with a 
saturated aqueous ammonium chloride solution followed 
by a water wash, dried over MgSO*, treated with char- 
coal, filtered and concentrated to a pale yellow oil. The 
oil was dissolved in methylene chloride and chromato- 
graphed on 200 g. kieselguhr prepared in methylene chlo- 
ride. One hundred ml. fractions of the eluate were col- 
lected and fractions 12-22 were combined and concen- 
trated to yield a colorless oil. Upon recrystallization from 
hexane the desired 17^ - hydroxy - 6,7a-dimethylandrost- 
5Ten-3-one acetate was obtained: mp 120-122" C. UV 
max. (EtOH) 288 nm. (c 195); IR (KBr) 1720 (ester 
C=0), 1695 cm.-t (C=0). NMR (CDCI3), 5 1.63 (S, 
C^6 CHa) 0.87 (d, C-7 CH3 /=6.3 Hz.). 

Analysis.— C2\z'& for C23H34QS: C, 77.05; H, 9.56. 
Found: C, 77.02; H, 9.52. 

. ..FoUowing .the above procedure an equivalent amount 
of the following 6-methyl-androsta-4,6-dien-3-one was 
substituted for the 17/5-acetoxy-6-methyIandrosta-4,6-dien- 
3-one: 

17^-hydroxy-6,17a-dimcthylandrosta-4,6-dien-3-one, 

17^-hydroxy-6,17a-dimethylandrosta-4,6-dien-3-onc, 
acetate, 

6- methylandrosta-4,6-dien-3 , 1 7-dione, 

17/?-hydroxy-2a.6-dimcthylandrosta-4,6-dien-3-one, 

6-methyl-17o-[(tetrahydropyran-2-yl)oxy]-androsta-4,6- 
dien-3-one, 
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17^-hydroxy-6-methyl-17a.(l-propynyl)androsta-4,6- 
dieu-3-one, and 

D.homo-17a/S-hydroxy-6,17a«-dimethylandrosta-4,6-dien- 
3-one. 

^ The foUowing7-methylated steroids were obtained: 

17^-hydroxy-6,7,17a-trimethylandrost-5-en-3-one, 
17/3-hydroxy-6,7,17a-trimethylandrost-5-en-3-one, 
acetate* 

10 6,7-dimethylandrost-5-ene-3, 17-dione, 

17^hydroxy-2a,6,7-trimethylandrost-5-en-3-one, 
6,7-dimefh34-17/3- [ (tctrahydropyran-2-yl)oxy] -androst- 
5-en-3-one, 

17/3-hydrcwy-6,7-dimethyl-17«-(l-propynyl)androst-5- 
ett-3-one, and 

D-homo-17a/^hyd^oxy-6,7,17aa-trimethylandrost-5-en- 
3-one. 
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Example XI 
17/9-hydroxy-7a-methylestr-5-en-3-one 
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A solution of 25 g. (0.07 mole) of 3,17i9-diacetoxy-3. 
5-estradienc in 25 ml. of pyridine and 250 ml. of acetic 
acid was cooled to —5* C. To this solution was added 
25 slowly with stirring 24 g. (0.075 mole) of pyridinium hy- 
drobromide perbromide. When the color had disappeared 
the reaction mixture was poured onto a mixture of ice 
and water and extracted with ether. The ether extract was 
quickly dried and was added under a steady stream of 
nitrogen to a refluxing mixture of 25 g. of lithium bromide 
and 25 g. of lithium carbonate contained in 400 ml. of 
dimethylformamide. Care was taken during the ether addi- 
tion to maintain the temperattu*e of the reaction mixture 
at 100" C. After the ether had been completely removed 
the mixture was heated to reflux for one additional hour, 
poured onto a mixture of ice and water, and extracted 
with ethyl acetate. The organic extract was washed with 
water, dried over MgS04 and the solvent removed under 
vacuum. This crude oil was dissolved in 250 ml. of 10% 
^0 methanolic potassium hydroxide and the solution re- 
fluxed for 45 minutes. The solution was concentrated, 
diluted with water, and extracted with ether. The resulting 
solid was recrystallized from an acetone-hexane solution 
to give 12 g. of 17jS-hydroxyestr-4,6-diene-3-one having a 
mp of 183-185" C. 

A solution of lithiimi dimethylcopper was prepared un- 
der nitrogen by adding 158 ml. of 1.6 M (0.252 mole) 
ethereal methyllithium solution to a slurry of 26.7 g. (0.139 
mole) of cuprous iodide in 500 ml. anhydrous ether at 
0* C, The solution was stirred at 0' C. an additional 5 
minutes and then a solution of 11.3 g. (0.042 mole) of 
17)3 - hydroxyestr - 4,6-diene-3-one in 100 ml. anhydrous 
tetrahydrofuran was added over a 5 minute period. The 
reaction mixture was stirred an additional 5 minutes at 
0* C, and poured into a saturated aqueous ammonium 
chloride solution. Benzene was added and the resulting 
mixture was rapidly filtered through diatomaceous earth. 
The organic layer was washed with a saturated aqueous 
ammonium chloride solution, with water, dried over 
MgSOi, and evaporated. The resulting oil was dissolved 
in methylene chloride and chromatographed rapidly on a 
silica gel column packed in methylene chloride. The de- 
sired material eluted with the methylene chloride solvent 
front and was twice recrystallized from an acetone-hexane 
solution to give the desired 17/5-hydroxy-7a-methylestr-5- 
ene-3-one: my 98-lor C, UV max. (EtOH) none; IR 
(KBr) 1710 cm.-i (C=0); NMR (CDCl,) a 5.51 (m, 
C-6 H) , 0.80 (d. C-7 CH2. J=l Hz.). 
! Analysis.— C^z'di for CisHaaOa: C, 79.12; H, 9.78. 
Found: C, 78.72, 78.57; H, 9.98, 9.92. 

Following the above procedure the appropriate equiva- 
lent amounts of the following compounds were substi- 
tuted m lieu of the 17i9-hydroxy-estra-4,6-diene-3-one: 

Estra-4,6-diene-3, 17-dione, 
75 17a-(l-butynyl)-I7/9-hydroxy-estra-4,6-dienc-3-one, 



45 



50 



55 



60 



65 



70 



04/10/2003, EAST Version: 1.03.0002 



19 



3,833,621 



20 



17^-hydroxy-17a-( 1-propynyl) -estra-4,6-diene-3-one, 
17/5-hydroxyestra-4,6-dieiie-3-one, acetate, 

[ (tctrahydropyran-2-yl) oxy] -€stra-4,6-diene-3-one, 
17i3-hydroxy-17a-propylestra-4,6-dieiie-3-one, acetate, 
17«-butyl- 17p-liydroxyestra-4,6-diene-3«one, 
17flEpbutyl-17/S-liydroxyestra-4,6-diene-3-one, acetate 
17a-butyl-17/3-hydroxyestra-4,6-dieiie-3,ll-^ne, acetate 
E8tra-4,6-diene-3»l 1,17-trione, 

6- methyH7iS-[(tetrahydropyraii-2-yl)axy]-estra-4,6- 
diene-3-oiie and 

13-cthyl-17)3-Iiydroxygona-4,6-dienc-3-one, acetate. 

The following compounds were respectively obtained: 

7- methylestr-5-ene-3 , 17-dione, 
17«-(l-butynyl)-17/3-hydroxy-7-methylestr-5-ene-3-one, 
17^hydroxy-7-methyl-17a-(l-propynyl)-estr-5-cno-3-ohe, 
17i3-'hydrDxy-7-methylestr-5-ene*3-one, acetate, 
7-metliyH7jS- [ (tetrahydropyran-2-yl) oxy I-estr-5-en&-3- 

one, 

17j3-liydroxy-7-methyl-17a-propylestr-5-ene-3-Qne, 
acetate, 

17a-butyl-17i3-hydroxy-7-methylestr-5-ene-3-one, 
17a-butyl- 17/5-hydroxy-7-methylestr-5-ene-3-one, acetate, 
17a-butyH7i5-hydroxy-7-methylestra-5-cne-3,lWione, 
acetate, 

7-niethylestr-5-ene-3,l 1,17-trione, 
6,7-<limethyM7^-[(tetrahydropyran-2-yl)oxy3estr-5-ene- 
3-one, and 

.13-ethyM7^-hydroxy-7-methylgon-5-en©-3-oiie, acetate. 
EXAMPLE Xn 
17/3-hydroxy-7/3-isopn>pyIandrost-4-en-3-one 

A solution of lithium diisopropylcopper was prepared 
under nitrogen by adding 250 ml. of 2 M (0.5 mole) 
isppropyllitfaium in pentane to a slurry of 48.0 (Q.25 
mole) of cuprous iodide suspended in 250 mL of anhy- 
drous ether at — 20* C. A solution of 30 g. (0.1 mole) 
i7j9-hydroxyandrosta-4,6-diene-3-one in 500 ml. of anhy- 
drous tetrahydrofuran was added diopwise. Tbt reaction 
mixture was stirred for an additional 30 minutes at — 20 
C. an poured into 2 liters of 3 M HCl. Benzene was added 
and the mixture filtered through diatomaceous earth. The 
benzene layer was separated, washed with water, dried 
over magnesium sulfate and concentrated to dryness. The 
residue was dissolved in methylene chloride and chromat- 
ographed on a siUca gel column packed in methylene 
chloride. The methylene chloride was concentrated to an 
oil wliich was crystallized three times from an acetone- 
hexane mixture to give 17/3-hydroxy*7/3-isopropylandrost- 
4-en-3-one: mp 153-156; UV max. (EtOH) 245 nm. (e 
15.300); IR (KBr) 1670 cm.~i (C=0); NMR (CDCI3) 
« 5.75 (broad 8, C-4H). 

Anaiysis^--Calc'd for CajHs^Oa: C, 79.96; H, 10.37. 
Found: C, 79.86; H, 10.61. 

EXAMPLE XBOE 

7a-methylandrost-5-ene-3,ll,17-trione 
7/J-methylandrost-5-ene-3,l 1,17-trione 

A solution of 30 g. (0.1 mole) androst-4^ne-3,l 1,17- 
trione dhsolved in 600 ml. of dioxane was saturated with 60 
gaseous HCL To this solution was added a solution of 
22.7 g. (0.1 mole) of 2,3-dichloro-5,6-dicyano-i,4-benzo- 
quinone contained in 300 ml. dioxane also saturated with 
gaseous HCL The reaction mixture was stirred for 30 
minutes and filtered. The solvent was removed under 
vacuum and the residue recrystallized &om ethylacetate 
to give 27 g. of androst-4,6-diene-3,l 1,17-trione: mp 252- 
255° C. 

A solution of lithium dimcthylcoppcr was prepared 
under nitrogen by the addition of 250 ml. of 1.6 M (0.4 70 
mole) of ethereal methyllithium solution to a slurry of 
38 g. (0.2 mole) cuprous Iodide in 200 ml. of anhydrous 
ether at 0^ C The solution was stirred at 0** C. for an 
additional 10 minutes and a solution of 14.9 (0.05 mole) 
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drous tetrahydrofuran was added via dropwise ad(£tion. 
The reaction mixture was stirred for an additional 5 
minutes at 0° C. and poured into 1 liter of a saturated 
aqueous ammonium chloride solution. Benzene was added 
and the mixture rapidly filtered through diatomaceous 
earth. The benzene layer was separated, washed with a 
saturated aqueous amnionimh chloride solution, wasfaied 
with water, dried over magnesium sulfate and evaporated 
to dryness. The residue was layered with 75 ml. acetone 
and the solid filtered. Two recrystallizatiotts fix>m acetone 
gave 7a - methylandrost - 5-ene-3, 1 1,17-trione; mp 198- 
212** C. Xrv max. (EtOH) 240 nm. (sh); IR (KBr) 1720, 
1710-1680 cm -1 (C=0); NMR (CDCI3) d 5A1 (m, 0-6 
H), 0.98 (d, C-7 CH3. /=12 Hz.), 

^/i<zyto.---Calc'd for CzoHzeOs: C, 76.40; H, 8.34. 
Found: C, 76.67; H, 8.55. 

Hie first acetone mother liquor was evaporated and the 
residue chromatographed on a silica gel column packed 
in methylene chloride. The methylene chloride eluant was 
recrystallized from acetone-hexane to give 7a-methyl- 
androst-5-eiie-3,l 1,17-trione: mp 152-166**; UV max. 
(EtOH) 241 nm. (« 1270); IR (KBr) 1720, 1710-1680 
cm.-i (C=0); NMR (CDCI3) 5 5.15 (broad t, C-6 H), 
1.13 (d, C-7 CH„ 7=12 Hz.). 

iimrfyrfs.— CalcM for CjaHagOa; C, 76.40; H, 8.34. 
Found: C. 76.45; H, 8.48. 

EXAMPLE XIV 

7o-»methyl-5-pregnen-3,20-dione 

A solution of 31.4 g. (0.1 mole) of progesterone in 500 
cc. of dioxane was saturated with gaseous HCl and added 
all at once to a solution of 22.7 g. (0.1 mole) of 2,3- 
dichloro-5,6-dicyano-l,4-benzoquinone in 500 mL dioxane 
saturated with gaseous HCl. The reaction mixture was 
stkred at room temperature for 15 minutes and filtered. 
Evaporation of tkt dioxane left a yellow oil which upon 
recrystallization from an acetone-hexane solution yielded 
20 g. of pregna-4>6-diene-3,20-dione, having a mp 115^ 
132" C. A second recrystallization ixKieased the mp to 
128-130" C. 

A solution of lithium dimcthylcopper was prepared by 
the addition of 320 ml. of 1.6 M (0.512 mole) ethereal 
methyllithimn under nitrogen at 0* C. to a slurry of 51 g. 
(0.268 mole) of cuprous iodide in 500 ml. of hydrous 
ether. The solution was stirred at 0' C. for ah additional 
5 minutes and a solution of 20 g. (0.064 mole) of pregna- 
4,6>diene-3,20-dione in 125 ml. anhydrous tetrahydrofuran 
was added over a period of 5 minutes. The mixture was 
stirred an additional 5 minutes and poured into 500 mL 
of a saturated aqueous ammonium chloride solutioiL Ben- 
zene was added and the mixture was rapidly filtered 
through diatomaceous earth. The organic layer was 
washed with a saturated aqueous ammonium chloride so- 
lution, washed with water, dried over MgSOi, and evapo- 
rated to dryness. The resulting solid was triturated with 
hexane and collected by filtration. Three recrystailizations 
from hexane gave the desired 7flc-methyl-5-pregnen-3,20- 
dione: mp 138-155" C. UV max. (EtOH) 238 nm. (sh); 
IR (KBr) 1685-1710 an.-^ (0=0) NMR (CDCla) 8 
5.37 (m, C-6 H), 0.81 (d, 0-7 CH3, /=6.5 Hz.)* - 

^mi/yj«.— Calc'd for CaaHjaOa: C, 80.44; 9.82. 
Found: C, 80.38; H, 9.73. 

Following the above procedure an equivalent amount of 
the following compounds was substituted in lieu of the 
pregna-4,6-diene-3,20-dione : 

17a-hydroxypregna-4,6-diene-3,20-dione, 
17a-methoxypregna-4,6-diene-3,20-dione, 
lflE,16«-dimethylpregna-4,6-diene-3,20-didne, 
17a-hydroxy-la-methylpregna-4,6-diene-3,20-dione, • 
17«-hydroxy- 1 6a-methylprcgna-4,6-diene-3,20-dione,' 
17a-hydroxy-6, 1 6/3-dimethylpregna-4,6-dieneO; 1 1,20-tri-' 
one, r • i-.V: 

Pregna-4,6-diene-3,ll;20-trione, 



Of an*rosta-4,6.<liene-3,ll,17-trioiie in 400 mt of anhy- 76 17«-hydroxy-16-nMlhylpregnM,«-diene-3,11^0<ri«!6j 
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17a-hydroxy-6-methylpregna-4,6-dieiie-3,ll,20-trione, 
20j9-hydroxypregna-4,6-diene-3-one, 
1 9*iiorpregna-4»5-dlBne-3,20-dione, 
13-ethyl-17oerhydroxy-18,19-dmorprcgna-4,6-di- 

ene-3,20-diose, acetate and 
13-ethyl-17a-hydroxy-6-methyl-18-19-dinorpregna- 

4,6-dieiie-3,20-dioiie,acetate. 

The following compounds were respectively obtained: 

17a-hydroxy-7-methylpregn-5-eDe-3,20-dione, 
1 7a-methoxy-7-methylprcgn"5-ene-3,20-dione, 
1 0,7, 16a-trimethylpregn-5-ene-3,20-d[xone, 
17o-hydroxy-la,7-dimethylpregn-5-ene-3,20-dione, 
17a-hydroxy-7, 1 6a-dimethylpre8n-5-ene-3 ,20-dione, 
17a-hydroxy-6,7,16/3-triniethylpregn-5-ene-3,n,20-trione, 
7-methylpregn-5-ene-3,ll-20-trione, 
17a-hydroxy-7,16-dimethylpregn-5-ene-3,n,20-trione, 
17o-hydroxy-6,7-dimetliylpregn-5-ene-3 , 1 1,20-trione, 
20iS-hydroxy-7-methylpregn-5-ene-3-one, 
7-methyl-19-norpregn-5-ene-3,20-dione, 
13-ethyM7a-hydroxy-7-inethyl-18-19-dinorpregn- 
5-ene-3,20-dione, acetate and 

13-ethyl-17a-hydroxy-6,7-dimethyl-18,19-dinorpregn- 
5-ene-3,20-dione, acetate. 

Example XV 26 

17a-acetoxy-6,7a-dimethyl-S-pregn-3^0-dlone 

A solution of lithium dimethylcoper was prepared by 
the addition of 260 ml. of 1.6 M (0.208 mole) ethereal 
methyllithium under nitrogen to a slurry of 41.6 g. (0.109 ^0 
moles) of cuprous iodide suspended in 600 ml. of an- 
hydrous ether at 0* C. The mixture was stirred at 0" C. for 
10 minutes after which a solution of 20.0 g. (0.026 mole) 
of 17a - acetoxy - 6 - methyl - pregna - 4,6 - diene - 3,20 
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*,^-«ww*v^^jr - v-*^v.^jra-i/i5.5iia--t,o-uicao- nae ana rapiaiy cnromatograpned tbrough a silica gel 
dione m 100 cc. anhydrous tetrahydrofuran was added 35 column packed in methylene chloride. The material whfch 
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6,7,l7a-trimethylprcgn-5-ene-3,20-dionc, 

16a- 1 7a-dihydroxy-7-methylpregn-5-ene-3,20- 
dione cyclic acetal with acetone, 

16a, 17a-dihydroxy-6,7-dimethylpregn-5-ene-3 ,20- 
dione cyclic acetal with acetone, 

17a-methoxy-7-methyl- 1 6-methylenepregn-5-ene- 
3,20-dione, 

17a-methoxy-6,7-dimefhyl-16-methylenepregn-5- 

ene-3,20-dione, 
17a-methoxy-7-methyl-16-methylenepregn-5-ene- 

3,20-dione, 
7, 1 6a-dimethylpregn-5-ene-3,20-dione, 
6,7,16iz-trimethylpregn-5*«ne-3,20-dione, and 
6,7, 16a'trimetfaylpregn-5-ene-3,l l»20-trione. 

EXAMPLE XVI 

7a-methyl-9/3,10a-prcgn-5-enc-3,2O-dione 

A solution of lithium dimethylcopper was prepared 
under nitrogen by adding 76.5 ml. of 1.6 M (0.122 mole) 
ethereal methyllithium to a slurry of 12.15 g. (0.064 
mole) of cuprous iodide suspended in 100 ml. of anhy- 
drous ether at 0" C. This solution was stirred at 0° C. 
for 5 minutes to which a solution of 4.5 g. (0.0153 mole) 
of 9)3,10a-pregna-4,6-diene-3,20-dione in 100 ml. of an- 
hydrous tetrahydrofuran was added dropwise over a peri- 
od of two minutes. The mixture was stirred for an addi- 
tional 8 minutes and poured into 250 ml. of a saturated 
aqueous ammonium chloride solution. Benzene was added 
and the mixture rapidly filtered through diatomaceous 
earth. The benzene layer was washed with a saturated 
aqueous ammonium chloride solution, washed with water, 
and dried over MgS04. Removal of the solvent under vac- 
uum gave an oil which was dissolved in methylene chlo- 
ride and rapidly chromatographed through a silica gel 



40 



over a 5-minute period. After stirring at O*' C. for an 
additional 5 minutes, the reaction mixture was poured 
into a saturated aqueous ammonium chloride solution. 
Benzene was added and the mixture rapidly filtered 
through diatomaceous earth. The organic layer was 
washed with a staturated aqueous ammonium chloride 
solution, washed with water, dried over MgS04 and con- 
centrated under vacuum. The residual oil was dissolved 
in methylene chloride and rapidly filtered through a silica 
gel column packed in methylene chloride. The first eluant 45 
was recrystallized from an acctone-hcxane mixture to give 
17a-acetoxy-6,7-a-dimethyl-5-pregnene - 3,20 - dione; mp 
140-160*' C; UV max. (EtOH) 235 mn, (* 2020); IR 
(KBr) 1700 (C=0) 1720 (0=0) 1725 cm.-i (ester 
C=0); NMR (CDCI3). 9 1.65 (s. C-^ CHj), 0.91 (d. fio 
C-7 CH3, J=6.5 Hz.). 

^/ifl/yjij.— Calc'd for C23H38O4: C, 74.96; H, 9.06. 
Found; C, 74.17, 74.24; H, 9.05, 9.04. 

In accordance with tiie foregoing procedure an equiva- 
lent amount of the following compounds was substituted 55 
in lieu of the 17a-acetoxy-6-me^yl-pregaa-4,6-diene-3j20- 
dione: 

.6-methylpregna-4,6-diene-3,20-dione, 
na-hydroxy-6-methylpregna-4,6-diene-3,20-dione, 
6,17a-dimethylpregna-4,6-diene-3,20-dione, 60 
16a,17a-dihydroxypregna-4,6-diene-3,20-dione cyclic ace- 
tal with acetone, 

16a,17a-dihydroxy-6-methylpregna-4,6-dienc-3,20- 
dione cyclic acetal with acetone, 

17a-mcthoxy-l 6-methyllenepregna-4,6-diene-3,20-dione, 65 
17a - methoxy - 6 - methyl - 16 - mcthylencpregna - 4.6 - 
diene-3,20-dione, 

17a-hydroxy-16-methyIenepregna-4,6-diene-3,20-dione, 
16a-methylpregna-4,6-diene-3,20-dione, 
6,16a-dimethylpregna-4.6-diene-3,20-dione, and 70 
6,16a-dimethyIpregna-4,6-diene-3,l i;20-trione. 

The following compounds were respectively obtained: 

6,7-dimethylpregn-5-ene-3,20-dione, 
17a-hydroxy-6,7-dimethylpregn-5-ene-3,20-dione, 75 



eluted with the solvent front was layered with hexane and 
filtered. Upon recrystallization from hexane the desired 
7a-methyl-9^,10a-pregn-5-ene-3 ,20-dione was obtained, 
mp 112-116' C; UV max. (EtOH) 287 nm. (« 5,2); IR 
(KBr) 1710-,1685 cm.-i (C=0); NMR (CDCI3) 8 5.36 
(m. 06 H), 0.96 (d, C-7 CH3, J=7 Hz.). 

Analysis.^Qlo'd for C22H32O2: C. 80.43; H, 9.82. 
Found: C, 80.21, 80.35; H, 9.80, 9.57. 

Following this procedure an equivalent amount of the 
following compounds was substituted in lieu of 9/3,10«- 
pregna-4,6-diene-3,20-dione : 

20i3-hydroxy-9^,lOa-pregn-4,6-diene-3-one, 
6.methyl-9/J,10a-pregna-4,6-diene-3,20-dione, 
17a-hydroxy-9/3, 10a-pregna-4,6-diene-3 ,20-dione, and 
16a,17a-dihydroxy-9i3,10a-pregna-4,6-diene-3.20-dione 
cyclic acetal with acetone. 

The following compounds were correspondingly ob- 
tamed: 

20/?-hydroxy-7-methyl-9/9,10«-pregn-5-en6-3-one, 
6,7-dimethyl-9/?,10a-pregn-5.cne-3,20-dione, 

17a-hydroxy-7*methyl-9/9,10«-pregn-5-ene-3,20-dione. 

and 

16a,17«-dihydroxy-7-methyl-9/J,10a-pregn-5-ene-3,20- 
dione cyclic acetal with acetone. 

The same procedure was followed but m lieu of 9/3,1 Oa- 
4,6-diene-3,20-dione the following 9)?,10a-pregna-andros- 
ta-4,6-diene-3-ones were employed: 

17/3-hydroxy-4-methyl-9,10a-androsta-4,6-diene-3-one, 

17^-hydroxy-4,na-dmiethyl-9i5,10a-androsta-4,6siiene- 
3-one, 

.17^-hydroxy-6-methyl-9/9,10a-androsta-4,6-diene-3-one, 

17^-hydroxy-6,17a-dimethyl-9^,iaa-androsta-4,6-diene- 
3-one». 

9ftl0«-androsta-4,6-dicne-3,17-dione, 

17/?-hydroxy-17a-(2-methylaUyl)-9A10«-androsta-4,6. • 
diene-3-one, 

17j9-hydroxy-9/3,10a-androsta-4,6-diene-3-oiie, 
17/9-hydroxy-9^,10a-androsta-4,6-diene-3-one, acetate, 
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17^-hydroxy-9i8, 1 0a-androsta-4,6-dicnc-3-<mc, 
propionate, 

17/?-bydroxy-9i9,10ce-androsta-4,6-diene-3-one, hydro- 

chmamate, and 
17^hydroxy-9/J, 1 (>a-androsta-4,6-diene-3-one, hydro- 

succtnate. 

The following compounds were correspondingly obtamed: 

17/5-hydroxy-4,7-dimcthyI-9ftl0a-androst-5-ene-3-one, 
17^-hydroxy-4,7,17a-triinethyl-9^,10a-androst-5-cne-3- 
one, 

17/3-hydroxy-6,7-dimethyl-9/3,10a-androst-5-ene-3-one, 
17i3-hydroxy-6,7, 17a-trimethyl-9^, l0a-androst-5-6ne-3- 
one, 

7-methyl-9^, 10a-androst-5-ene-3,17-dione, 
17^hydroxy-7-methyl.l7a-{2-niethylallyl)-9/5,10a- 

androst-5-ene-3-one, 
17/9-hydroxy-7-methyl-9i?»10a-androst-5-ene-3-one, 
1 7p-hydroxy-7-methyl-9/5, 10«-androst-5-ene-3-one, 

acetate, 

17;3-hydroxy-7-methyl-9p,10a-androst-5-ene-3-one, 
propionate, 

1 7/J-hydroxy-7-methyl-9i3,l 0De-androst-5-ene-3-one, 

hydrodnnamate, and 
17^hydroxy-7-inethyl-9^,10a"androst-5-ene"3-one, 

hydrosnccsnate. 

EXAMPLE XVH 

An illustrative preparation of 10,000 tablets, each con- 
. taining 10 milUgnuns of 17/3>hydroxy-7a->methylaDdrost- 



5-ene-3-one is prepared as follows: 

Gm. 

17p-hydroxy-7a-niethylandrost-5-ene-3-one 100 

Lactose 1000 

Starch paste (10% w^v. starch in water) 100 

Starch 32.5 

Calcium Stearate 6.5 



The steroid and lactose are uniformly mixed and gran- 
ulated by the addition of the starch paste. The granules 
are dried at 120" F. for 20 hours and forced through a 
No. 16 screen. The granules are lubricated by the addi- 
tion of the starch and calcium stearate and compressed 
into tablets. Each tablet so prepared contains 10 milli- 
grams of the steroid. 

EXAMPLE XVni 

An illustrative composition for the preparation of 1,000 
two-piece hard gelatin capsules, each capsules containing 
1.0 milligrams of 17/3-hydroxy-7ix,17a-dimethylandrost>5- 



ene-3-one is prepared as follows: 

Gm. 

17/9-hydroxy*7a,17oe-dimethylandrost-5-ene-3-one - 1.00 

Com starch 150 

Magnesium stearate . 25 

Hard gelatin capsules 1000 



The finely powdered ingredients are mixed until uni- 
formly dispersed and filled into hard shell gelatin cap- 
sules of the appropriate size. 

Similarly soft gelatin capsules may be prepared in which 
the above composition can be granulated, slugged or com- 
pressed directly into the rotary die or plate mold in which 
the soft gelatin capsule is formed. 

EXAMPLE XIX 

1000 grams of an ointment for topical application con- 
taming 0.1% of 7a-methyl-5-piegnen-3,20^one can be 
prepared from the following ingredients: 

. Gm. 

7aFmethyl-5-pregnen-3,20-dione ; — 1 

Light liquid petrolatum ...^ 250 

Wool fat --^ 200 

White petrolatum q.8. ad 1000 

The wool fat, white petrolatum, and 200 gms. of the 
light liquid petrolatum are liquified and hdd at llO"" F. 
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The steroid is mixed with the remaining liquid petrolatum 
and passed through a colloid mill. After passing through 
the mill, the mixture is. stured into the melt. The melt is 
permitted to cool with contuiued stirring until congealed. 
' Wc claim: 

1. A 3-keto-7(«,j9)-loweralkyl-A9-steroid having the 
general formula 



10 




25 



wherein 

Ri is selected from the group consisting of hydrogen 
80 and (a or /9) -methyl with the proviso that when is 
a-methyl and the 9-hydrogen is in the /3-position, and 
when Ri is j8-methyl the ^-hydrogen is in the a-posi- 
tion; 

R2 is individually selected from the group consisting of 
35 hydrogen and (a or ^) -methyl; 
R3 is hydrogen or methyl; 

Ri is an (a or /3)-IoweraIkyl group having from 1 to 3 
carbon atoms inclusively; 

R9 is hydrogen or 0x0; 
^ Re is selected from the group consisting of hydrogen, 
methyl and ethyl; 

R7 is selected from the group consisting of hydrogen, 
loweralky], alkenyl, alkynyl, alkadienyl, alkenyhiyl 
and alkadiynyl, each ha^g from 1 to 6 carbon 
45 atoms inclusively; 

Rs is selected from the group consistmg of hydrogen 
l-cydopenten-l-yloxy, 1-methoxycyclohexyloxy, 2« 
tetrahydropyranyloxy, and the group — OR9, where- 
in R9 represents hydrogen or an acyl radical Haviuig 
from 1 to 12 carbon atoms inclusively with the 
proviso that R7 and Rg cannot both be hydrogen, 
that when R7 is unsaturated R^ cannot be the 
— ^Acyl group, and with the further proviso that 
55 R7 and Re when taken together are 0x0 or a cyclic 
ethylene acetal; and 

n is the integer 1. 

2. 17j&*hydroxy.7«-methylandrost-5-en-3-one. 

3. 6i7« - dimethyl - 17^ - hydroxy- 17a- (1-piropynyl)- 
60 androst-5*«n-3-one. 

4. A process of preparing 3-keto-7(a,/3)-loweraltyI-A6- 
androstases, wherein the loweralkyl group contains from 
, 1 to 3 carbon atoms inclusively, which comprises dis- 
solving an organocopper reagent selected from the group 

6? consisting of diloweralkyllithium cuprate, a complex of 
loweralkylcopper with triallcylphosphite and a complex of 
loweralkylcopper with trialkylphosphine, wherein each of 
said alkyl and loweralkyl groups contauis from 1 to 3 
carbon atoms inclasively, in an inert anhydrous organic 
solvent, reacting said organocopper reagent with an ap- 
propriate 3-keto-4,^androstadiene at a temperature 6f 
from about 10* to about — 78** C. until the reaction is 
complete, and isolating the 3-keto-7(oc,^)-loweralkyM^ 

76 androstane so obtained. 
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5. A process of preparing 3-keto-7(a,/?)-loweralkyl-A5- 
androstanes accordifig b daim 4 wherein the 3-keto-4,6- 
androstadienes have, the .general formula 




(CH,). 



wherein . .. 

Ri is selected from the iroup consisting of hydrogen 
and (ot or j9) -methyl with the proviso that when Rj 
is a-methyl the 9-hydr6gen is in the /^-position, and 
when Ri is >nicthyl the 9-hydrogen is in the a-posi- 
tion; 

Rs is individually selected from the group consisting of 

hydrogen and (a or ^) -methyl; 
Ra is hydrogen or methyl; 
Rs is hydrogen or oxo; 

Re is selected from the group consisting of hydrogen, 

methyl and ethyl; 
R7 is selected from the group consisting of hydrogen, 

loweralkyl, alkenyl, alkynyl, alkadicnyl, alkenylnyl 

and alkadiynyl, each having from 1 to 6 carbon 

atoms inclusively; 
Re is selected from the group consisting of hydrogen 

1- cydopenten - 1 - yloxy, 1-methoxycycIohexyloxy, 

2- tetrahydropyranyloxy, and the group — ORj, 
wherein R9 represents hydrogen or an acyl radical 
having from 1 to 12 carbon atoms inclusively with 
the proviso that R7 and Re cannot both be hydrogen, 
that when R7 is imsaturated Ra cannot be the 
— OAcyl group, and with the further proviso that R7 
and Rg when taken together are 0x0 or a cyclic 
ethylene acetal; and 

n is the integer 1. 

6. A 3-keto-7(a,j9)-lowera]kyl-A«-8teroid having the 
general formula 
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— ORe, wherein Rg represents hydrogen, a loweralkyl 
group having from 1 to 3 carbon atoms inclusively, 
and an acyl radical having from 1 to 12 carbon 
atoms inclusively, with the proviso that when Rio is 
methylene, R^ cannot be the — O-acyl group, and 
with the further proviso that Rio and R^ when taken 
together represent the 16a»17B-^lidenedioxy group 

-. 

— O A 




wherein A and B are each loweralkyl having from 
1 to 4 carbon atoms inclusively; 
R12 is selected from the group consisting of hydrogen, 

1- cyclopenten - 1 - yloxy, 1-methoxycyclohexyloxy, 

2- tetrahydropyranyloxy and the group — OR9, where- 
in R« represents hydrogen and an acyl radical hav- 
ing from 2 to 12 carbon atoms inclusively, and 
which when taken together with Rjs is 0x0; 

R18 is hydrogen with the proviso that R^ and Ris can- 
not both be hydrogen, and which when taken to- 
gether with R12 is 0x0; and 
n is the integer 1. 

7. 17a - hydroxy-7a-methylpregn-5-ene-3,20-dione ace- 
tate. 

8. 17« - hydroxy-6,7a-dimethylpregn-5-ene-3,20-dione 
acetate. 

9. A process of preparing 3-keto-7(a,/S)-loweralkyl-AS- 
pregnanes, wherein the loweralkyl group contains from 
1 to 3 carbon atoms inclusively, which comprises dis- 
solving an organocopper reagent selected from the group 
consistmg of diloweralkyllithktm cuprate, a complex of 
loweralkylcoppcr with trialkylphosphite and a complex 
of loweralkylcopper with triallq'lphosphinc. wherein each 
of said alkyl and loweralkyl groups contains from 1 to 3 
carbon atoms inclusively in an inert anhydrous organic 
solvent, reacting said organocopper reagent with an ap- 

40 opriate 3-'keto-4,6-pregnadiene at a temperature of from 
about 10** to about —78* C. until the reaction is com- 
plete, and isolating the 3-keto-7(o,^)-Ioweralkyl-Aa- 
pregnane so obtained. 

10. A process of preparing 3-keto-7(a,/5).loweralkyl- 
A5-pregnanes accordhig to claun 11 wherein the 3-keto- 

45 4,^pregnadiene8 have the general formula 



15 
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SO 



35 



60 



55 



wherein 

Ri is selected from the group consisting of hydrogen 
and (a or p)-methyl with the proviso that when Rj eo 
is a-methyl the 9-hydrogen is m the ^-position, and 
when Ri is /5-methyl the 9-hydrogen is in the o-posi- 
tion; 

R2 is individually selected from the group consisting of 

hydrogen and (a or /3) -methyl; 
R3 is hydrogen or methyl; 

R4 is (a or ^) -loweralkyl group having 1 to 3 carbon 

atoms inclusively; 
Rb is hydrogen or 0x0; 

R« is selected from the group consisting of hydroKcn. 7n 
methyl and ethyl; ^ e » 

Rio is selected from the group consisting of hydrogen, 
methyl and methylene; 

Rii is selected from the group consisting of hydrogen, 
methyl, ethyl, 2-tetrahydropyranyloxy and the group 75 




wherein 

Ri is selected from the group consisting of hydrogen 
and (a or ^) -methyl with the proviso that when Rj 
is a-methyl the 9-hydrogen is m the i3-position, and 
when Rj is ^methyl the 9-hydrogcn is in the a-posi- 
tion; 

Ra is individually selected from the group consistmg of 

hydrogen and (a or j9)-mcthyl; 
Rj h hydrogen or methyl; 

'R4 is (a or /3) -loweralkyl group having 1 to 3 carbon 

atoms inclusively; 
R5 is hydrogen or 0x0; 

Rfi is selected from the group consistmg of hydrosen 
methyl and ethyl; ' 

Rio is selected from the group consisting of hvdroeen 
methyl and methylene; ^ ^ ' 
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Ru is selected ftom the group consisting of hydrogen, n is the integer 1.- v,^^.. ..^ i 

methyl, ethyl, 2^tetrahydropyranyIoxy and the group . IL 17/S-hydroxy-7:mejthylestM-5-enq^i 

— ORfl, wherein -Rg represents hydrogen, a loweralkyl ^ . .. . . . ^ V.^^: ^ ^ '.1 -4 

group havmg from 1 to 3 carbon atoms inclusiyely, VUieMoes CAed^ 

. and an acyl radical having from 1 to 12 carbon ^ UNITED STATES PATENTS 

atoms hiclusively, with the proviso that when Rio is ^ * >,c o /^n/^ ^ r^-- . . . 

methylene, Ru camiot be L -O-acyl group, ^d ^ ^45,221 1^ :^!^'' ^ ^ l^llli 

with the further proviso that Rxo and Ru when taken \^lt/^l Gqldkamp J^i^^ll 

together represent the 16«,17a-4ylidenedioxy group l^i^.^All 2^^'^' ^ ^^^^11'^^ 

3,711,522 1/1973 Rosen— u-i. 260--397,4 

3,262.949 7/1966 Ringold et al;: 260—3973 

- 3,346,570 10/1967 Anner et -al. .1™. 260—239.55 

"OA OTHER R^f^ERENCEi^ 

wherein A and B are each lowcralkyl having from Heser ct al., Steroids, 1959 pp. $92-696. 

1 to 4 carbon atoms inclusively; 1$ . 

Ria is selected from the group consisting of hydrogen, HENRY A- FRENCH, Priinary^Examlne];.. ... ' 

1- cyclopenten - 1 - yloxy, 1-methoxycyclohexyloxy, " ^ * . I . * " -.'j. ' 

2- tetrahydropyranyIoxy and the group — OR©, where- . t^ISL ;CL* ^ " " ' 

in Ro represents hydrogen and an acyl radical hav- 260—239 55 JL 239 « r ^9- ^5 n ^^^7 i ^wi d^^ ^sic 

ing from 1 to 12 carbon atoms inclusively, and which zg ^T^^^'^^ ^^^'^^ 239.55 D, 397,3, 397.45, 586, 

when taken together with Ris is 0x0; , . ..i . . . ' . ' 

Ris is hydrogen with the proviso that Rja and "R13 can- ■ ' " " ' - • ' ^ ' ' ' ' ^ 

not both be hydrogen, and which when taken to- ^ ' \ ; ■ j^/^- y -'^ 

gether with Rja is 0x0; and - " ^ J •■ " ■ ! f 
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DATED 



UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

3,8^5.621 
September 5^ 1974 



INVENTOWS) Joyce F. Grunwell^ Harvey D. Benson and 

Vladimir Petrow 
It IS certified that error appears in the above-identified patent and that said Letters Patent 

nre hereby con ec ted as shown below: 

Column 2, line 1, "androstant^ 19-nor-androstan" should 
read --androstane, 19-nor-androstane-- . 

Column 3, l(ne59j "compound" should read --compounds--. 

Column 3j line 65, "dimethyl testosteroneterone" should 
read --dimethyl testosterone-- . 

Column 6, line 29, "dienese" should read --dlenes — . 

Column 6, line "di loweralkyi 1 thium" should read 
--di loweralkyl 1 i thium — . 

Column 7j line 58, "100'' C." should read C.--. 

Column 9, line 10, the portion of structure IX 

U CH3 II CH3 



Column 9, llne35> "abient'* should read --ambient--. 

Column 10, line 9, "where where" should read --where--. 

Column 10, line 16, "mole" should read --male--. 

Column 11, lines 24 and 25 should read --Parenteral sus- 
pensions are prepared in a s imi lar manner except that the 
steroid is suspended in the vehicle and — . 



C 



should read 
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UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 3,833,621 Page T 2 

DATED September 3, 197^ . 

INVENT0R(S) : Joyce F. Grunwell, Harvey D. Benson and 

It is certifi -identified patent and that said Letters Patent 

are hereby corrected as shown below: 

Column 12, line 70, "l.H" should read —1,4--. 

Colunnn 12, line 75 "eluated" should read --eluted--. 

Column 15, line 5, "10 ml." should read — 100 ml.--. 

Column 15, line 24, "(EtOH) nm." should read --(EtOH) 
24o nm.--. 

Column 17, line 25, "6,7fl" should read --6,7a--. 

Column 18, line 65i "my" should read --mp--. 

Column 18, line 67, "CHa" should read — CHa — • 

Column 21, line 28, "dimethy Icoper" should read 
--d imethy Icopper-- . 

Column 21, line 41, staturated" should read --saturated—. 

Column 21, line 65, "methyl lenepregna" should read 
--methylenepregna-- , 

Column 22, 1 Ine 10, "17a-niethoxy" should read 
--17a-hydroxy-- . 

Column 22, line 61, "9p,10a-" should read --9R,10a- 
pregna- 

Column 22, lines 62 and 65, "9r, lOa-pregna-androsta" 
should read --98,10a-androsta- 
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UNITED STATES PATENT OFFICE 



CERTIFICATE OF CORRECTION 



PATENT NO. 



5,835,621 
September 5, 1974 



Page 



DATED 



INVENT0R(S) Joyce F. Grunwell, Harvey D. Benson and 
Vladimir Petrow 
It is certified that error appears in the above-identified patent and that said Letters Patent 
are hereby corrected as shown below: 

Column 21 (Claim 1), line 51. "and the 9-hydro.gen" 
sliould read --the 9-hydrogen-- . 

Column 26 (body of Claim lo), line 44, "claim 11" should 
be renumbered —claim 9--. (Claim 10 was originally submitted 
as claim 12) . 



Signed and sea 



led this 17th day of June 1*575 . 



(SEAL) 
Attest I 



C. MARSHALL DAMN 
Conmissloner of Patents 
and Trademarks 



RUTH C. MASON 
Attesting Officer 
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